ASSAY FOR JC VI RUS ANTI BODI ES RELATED APPLI CATI ONS Thi s application cl ains
the benefit of U S. Provisional Application No. 61/294,048, filed January
11, 2010,wendi1Wsss69Pr ovi si onal Application No. 61/316, 198T/Usheigh2@32 2010,
bot h of which are incorporated herein by reference in their entirety. FIELD
OF THE | NVENTI ON 10The invention relates to nethods and reagents for

anal yzi ng sanples for the presence of JC virus antibodi es. BACKGROUND
Progressive Miultifocal Leukoencephal opathy (PM.) is an opportunistic
infection 15 of the central nervous system (CNS) that is associated with
exposure to the JC virus (JCV), a polyoma virus that is believed to be
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associated wth the converg lp i and host-related factors
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studi es including PCR analysis for viral DNA ahd detection of antibodies to
JCV. 25 Despite the preval ence of JCV in the population, infection with JCV
rarely results in PM, even b kNG 1 cunent ed

i nmunosuppr essi on. Publ i sheaaléé‘y(ﬁr\s‘hg¢wg€t ection suggest the

met hool to be iThs eé@htiby felaskkohethdd¥i dnd dedgehts ffor anabeafpSdanplepomere to JCV
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BACKGROUND

Progressive Multifocal Leukoencephalopathy (PML) is an opportunistic infection
15  of the central nervous system (CNS) that is associated with exposure to the JC virus
(JCV), a polyoma virus that is believed to be pathogenic in humans only under conditions
of persistent immune suppression or immune modulation. While the presence of JCV is
required for development of PML, PML risk is considered, in a not well-understood way,
to be associated with the convergence of multiple viral and host-related factors that cause
20  the virus to become pathogenic (Major, “Progressive Multifocal Leukoencephalopathy in
Patients on Immunomodulatory Therapies” Annu. Rev. Med. 61:35-47 (2010) [2009
Aug. 31, Epub ahead of print]). Published studies reporting the prevalence of JCV
infection in the human population are varied. This information is based on various types
of studies including PCR analysis for viral DNA and detection of antibodies to JCV.
25  Despite the prevalence of JCV in the population, infection with JCV rarely results in
PML, even in individuals with documented immunosuppression.

Published reports on JCV DNA detection suggest the method to be insensitive and
of limited use for assessing exposure to JCV because JCV DNA has been rarely and
inconsistently detected in the plasma, serum or peripheral blood mononuclear cells of

30 JCV-infected PML patients. Detection of anti-JCV antibodies appears to be a more

sensitive marker of JCV infection; however the reported results are variable. In 1973,



30 JCV-infected PML patients. Detection of anti-JCV anti bodi es appears to
be a nore sensitive marker of JCV infection; however the reported results
are vari avbeo11os536973, Padgett and Wal ker published a gCcmas201@p20882 Ng a
JCV seropreval ence of 65-84% usi ng a haemaggl utination inhibition (H)
assay (Padgett and Wal ker, "Preval ence of antibodies in human sera agains
JC virus, an isolate froma case of progressive nultifocal

| eukoencephal opat hy" J. Infect. Dis. 127:467-70, 1973). Later reports of
JCV 5 se [ et ween
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due to nﬂaaﬁa@ggilmﬁrfaemndnlstlom(lﬁhesmyz@a@ett adé%@kaphﬁ’xesaleﬂcetdfan’sbmﬂcses and,
per haps r.mflt i ortantIJy differepageg i n assay net hodsfn&\ ﬁ t herefore
desi rabl & 't])m?lﬂ%qr%ﬁ%%’?s 1€ Yidws ap fselalg, Howarase pharogeessiye tlfﬁ?%? det er mi ni ng
the preseakBeleplddpatingi LogfasDish ¥ 7: 4@717061 C\deat&% StPomica; for assessing
whet her an i ndivi dual has been exposed . SUMMARY OF THE | NVENTI ON
The i Avenetiopievalenes rates using ftlae Hbmabm@hls&ha\@waanébmecwwWal Thtat ed,
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rel ates tig azdmmh&dldgkeqﬂndsmkhmléﬁgm @bﬂﬁp@nﬁbﬁhﬁﬁnﬁﬁﬂy, SeiRRLiech M a
subject (e.g., plasma, serum blood, urine, or cerebrospinal fluid (CSF));

cont act i ﬁ@sat/meﬂa%m e with highly purified viral-like particles (HPVLPs)
under conditi n the sanple to
an HPVLP; det 2{(}? |t lﬁegef?ﬁe&egg%}g? Ecpif’m@ @glgn%qiegéb&ga% né’é ?%q%{ #(’ar sanple to
HPVLEY) addterminirg the prageridesf d€Ventiibddicethat can Hdusad rfef eraaile fosasséssingat t he
reference,i sel ecte di cate f e negative rate not greater than 3%
and ni ni e FB‘%E@‘@&@B@???nteép%eaé??éirrponents of the sanple such as

anti bodi es agai nst ot her polyoma viruses, e.g., BK virus (BKV). In sone
enbodi ments, 25 the reference, derived froma control sanple or set of

sanples, is processed with SHEMARYOF THEINVENTIONj ect. In some

enbodi nent s, tifag lmhﬁé@ﬂ%eg ® tﬁ@ﬁ@s@lcﬁﬂleﬁyﬁf“aﬁ Qﬁﬁytfcggy {/éﬁcﬁ@edn?&@fti%e rate of
the assay is not greater than 1% In one enbodi ment, at |east about
10% &3 t Besapfwdetecting thepressaceef KiV oftibndidsfin e dickpicRdluid g ssrrmpe t han
five VP1 F(g pepti des per HPVLP. In other 30 enbodi nents, at |east about
15% abod % about 25% about 30% about 40% about 50% about 60%
about 65% abditcorddfgly, Aol e b relate3he W imdIi thht ihbiadédDBtdiaink A Holp %Qlar ation
of purified HPVLPs contain npre than five VPl pol ypeptides per HPVL

The assaﬁalealﬁfwlﬁéwﬁqtr%a slagta yesmy eodving argerehraspingl feid (6RFY; sol i d

subst r at he
HPVLP co%s;ﬁg‘fqglgg[ﬁess Wﬁﬁlgﬁly Fﬁ\/ﬁ?ﬂ&\i’?{r%llsl ééll% @%}ﬁg@ﬁgrgﬁ& on her

i ncl Qde oviteble Mbhjdirpgmﬂaelai\é antihmdyerxﬁrmhmmitolaﬁ&ﬁtVb]P;edem‘cuag Hedewdl oﬁ‘ VP3.
The viral in.the HP conbj nantly. derived (e.g., a
MADL st r &Fﬁra&ﬁ%g ol?szlg‘é‘ﬁ ) eéawakwmfﬁeeﬁﬁpﬁﬁ log fhal defgctaddpyel é"@t.hgﬁ ,
derived fdfBi¥hée, BadHthal thé’réi&‘éﬂéerﬂs @ae&ealf&ﬁhma%mefaﬁ%egﬂw@%e Bt @%&Epr med
usi ng, for exarrpl e, a biological sanple obtained froma subject currently

being tr thang%o and minimal cross reactivity to other components of the sample such as

antibodies against other polyoma viruses, e.g., BK virus (BKV). In some embodiments,
25 the reference, derived from a control sample or set of samples, is processed with the
sample from the subject. In some embodiments, the reference is selected such that the
false negative rate of the assay is not greater than 1%.
In one embodiment, at least about 10% of the HPVLPs in a preparation of
purified HPVLPs contain more than five VP1 polypeptides per HPVLP. In other
| 30 embodiments, at least about 15%, about 20%, about 25%, about 30%, about 40%, about



10 with an i munonodul atory drug, a subject considering initiating
treatnent with an i munonodul atory drug, or a subject suspected of having
Pr ogr essiwe 2Mulassieocal Leukoencephal opat hy (PM). PCI/USo0Me/0268PECE S,
the assay nethod is a two-step assay that further includes a secondary
confirmati on assay process that includes contacting a portion of the

bi ol ogi cal 15 sanple fromthe subject with HPVLP in solution (prior to

i ncubating the sanple with the HPVLP attached to a solid substrate),

t her eby Vidi r be:; i 0 le with
HVLP Unalr ERuTS0%, SESRASP KRR G upGR YoREb MO0 SEREMPLLPERT 10 the
| evel of pddp¥ratiohiob pakyfidd HEVILEs tonthinVhdteitiart five: ¥RT polgpeptidesped KPVBRd
conparing the_detected | evel of JCV antibodx in. the secondary sanple to the

level of 20 JAVC&HEYI58YYe Periqrmedsuehihet e il ik isigmehidred amsbiolid wi t h
sol ubl e KEpd.Bre shbik B %Hﬁégotﬁﬁgﬁ%ﬁp&fsgdé.nlﬁ i dGhGSdifnds SHE P\fléi %b%aﬁfscondar y

assay sanpl e conpare e sa t’hat was not preincubated indicates the
sanpl & i ssgeo8allyi ofeVR byiral Protaint iThedE ViR damfucthanmeluda othee viddtpecterd, foevel

bel ow a ecifi er cent i ndi,. cat that there.i - cific
ant i \ll)vody%g?”@élglﬁfgﬁﬁ nRet e I‘%.ad‘lééﬁnﬁ;%‘g P&*&%@ﬁ?b‘éﬁwﬂg@ﬁ%@gﬁe IbeI used to
assay f O&eaohﬁ)imﬁ?%\gmﬁfeﬁp(fe. 2 @M1 §Rfh §91) Br Gned I?a@&ra}é@l%&ﬁ‘ﬁngelﬁﬁr

recei ved treatnent v an i nmunonodul ator; or in a subject who has
pr evi ousipyoteiadery derivad fromameivoa bi-eccurringsssureeho The methodsag be pedomiedi ng

under gor ety @RISR ORISR Sikiile oBfined 2 85 et SRRt bodi s
bi ndilgg twdtht dreimidRMoRfodulatah dags avubjeetdonsidering inftRating veRdieatweBani ndi cat e

that a subject is at an increased risk for PM.. Detection of JCV
ant i bodi é¥npEamadyatory,diugaere subiact suseedetbpihavingPragressive Malteaedd ri sk for

adverse gy Q e devel opnent of PM., upon adm ni stration of
certain th{eﬁ?&aepg%q}ﬁa@%g%gg?glﬁsuch as certain i nmunonodul ators, and therefore

t he subj ect i $n smhe aspeatndhelassay hethddrie atwestepwistdy thitdfaehadacindesor exanpl e,
detection of ,JCV aptibhodies in a s%ﬁn{)J e froma subject.5 cfstyﬂ L,nfli caﬁe t hat
the subj SSORAY SERIINAORASTRYREOGesT that wglideseoniacting gpoginn ohfsbiglogica

t her @PeUTsﬁrﬁple%!ﬁﬁ‘ﬂﬁssuﬂj_%ﬁ{vftK HIBRAY P ihoRfioh ¥prioraf RALLIRY Be sAfpRGHittPRe of JCV

antibodies in a biolodical sanple can indicate that the subject is a
candi dat #M\GyP attashedviornt solidtshbsiratd)nterebyptiding p seqndirysemple; abntactingab,

except that the subject wl er go .enhanced nitori during treat nent
than a s %SSS?Hd\%HoSA&H’g%W%JJ’%‘Z@g “ﬁ‘gﬁré‘&‘% %?meew%gﬁflfeggg?%.pnf@g&ﬁsa& anpl e,
the enhadeteetinmthe lével SICNABNtBYEY bRl QDO N ULP o tHeQkcaidBl atnple/mRIONS, such
as synptons that may indicate the devel opnent of PM. Failure to
detect JEYMAHIRGHEdatsctsd fevehef 1oV ptihody in theggeensiarysample torthellavel efhe

i nvepyi o L gl j ' i i r eat ment
w1 hoon (oebRe) BAREIAl ool HOL EE kot AR ShHR I PP RO HBR “The
subj ect idscreasetiimére dbfectedrievel i theaecdnderyi assaynsampik bombmared 18 theikingsle that

determned not to have JCV anti bodi es, can be_re-tested at | east annually
(e.g., abt¥eagspreigubaiedsingdicates the saple is @osye F&r%cgg}i Oéy’l?ﬁﬂlaﬁ'z‘?n%ﬁmevery 12

mont hs) i dedcRIdNENG beldSE D§deciRa pakkheigt idiGtdanglanes M@g@é&@@i es,
whi ch may indicate that the subject has been infected with JCV. A subject
who pr evintigady piésentiotthdrsameplelet ect abl e JCV anti bodi es in a bi ol ogi cal
S arrp§§ -and \MA% assay described herein can be used to assay for the presence of JCV antibodies
in a subject who has never received treatment with an immunomodulator; or in a subject
who has previously received an immunomodulator, but who is no longer receiving
treatment with the immunomodulator; or in subject who is presently undergoing
treatment with an immunomodulator.

30 Detection of JCV antibodies binding to the HPVLPs in an assay featured in the

invention can indicate that a subject is at an increased risk for PML. Detection of JCV



20 subsequently devel ops JCV antibodies in a biological sanple, can stop
receiving treatnent with an i munonodul at or. In sonme enbodi nents, a
subj ect WO 208E12088360Vi ousl y i dentified as havi ng JCV ant iPbodiSesl,1/oema2 be
subsequently tested at a |ater date and determ ned not to have JCV

anti bodi es. These subjects can be determ ned to be candi dates to receive
treatment with 25 an i nrnunonodul ator, such as natalizumab. |In one

enbodi ment, a subject who previously tested positive for the presence of
IOV ant i Gadidas, %aﬁ alefa@ncﬁ&a@éﬁﬁvﬁfatsmﬁeaq%% lae&aged\fﬁkff&ra&%a gém' es can
be adm nister eg e 1 nmunonodul at or’, under go enhanced nonitoring as
conpar edstah as thm&qvekmnmmf@\ﬂér upfmsa(hnhn;watlon vﬁcefrttam thﬁi‘dpanm agoats,ewch such as

to nonitor for s e the dev f PML. 30An
nasay 1 edt G FRERERTIRE: G eriReE At byt ot SRR Y RaTiRG an
i mmunol owlmhesélag&ﬁs @o@éxzﬁhﬁ@rcﬁlﬁcuoﬁ BESCRanfibbdiésih @ sambRY fRsh & stbfedt or

Crohn' s Di sease L@ | n one enbodi ment, an assay described herein has

been 5 valcardmd@dteftbﬁttt gubjert chma@d@tgtfq)retmagnergmﬂl asatyVEAohi ng that the
ff t
wssey R ) B R0 OBl B P T A

aspect, h%@olbglh’ﬁ%bm & dagligdiege tiat me&ubjemﬁarcaﬁdlﬂzge&ﬂtfdakﬁ&t&ﬁdl at |least 5
one reagent for perform ng an assay to identify a JCV antibody level in a
sanpl e, mna@%ulbﬁomsagh euatalinwpan, excapidhpidhe é}sb@%%%l updeage erRhgRES DN

rel ates |1y of
VP 1 contirRoff it ATRRe B9 SrbRiok) EbGRYERARLENL TYCERERNALE.
e.g. 10 cofﬁ‘baexmr[p:]e ahmeﬁhaﬁced:hﬁomﬂﬁmg:iﬁn iddydeSdbser®Btion/for adver® syent@ngr s or 10

cont ai ni ng ,about 25 VP1 nol ecul es t 50 VP | ecul es, about 100 VP1
mol ecul eég"ha?ﬁ&éﬂnpm Pilmf%}néit‘iﬁee@e B%?Rm%@fi)/@rml ecul es, about 300 VPl

mol ecul es, abeyfjurd%0 aMEd: Jo %ﬁiﬂoﬁ&s ‘Bind"i’:@t'étHlﬁ@QPé/ﬁjanrHééa%’%étﬁ&d in the

Anot her aspect featured in the invention is a nmethod of "preparing a
sol ut i onimfentifidpsindichie th@tthﬁ)ﬂlbmtr;sra @ndlglawéqmnewg twnlent onthanni ng

partlclesfromth olutlon tha [ or | ess.
e e eipihbtaRe kh A Qi Eb, HlilohE tioh Sinfn: IneTrbi REAARL O

cel | $50r apmMiGbied theigirhSnondiRlAS. | 6 sabsjectldyeadinea Aot fohame IOV aagbddiesr e
treated with a nucl ease, such as benzonase Cell debris is renoved by

preci pi t &89 bhre- f@ﬁt@%a@ga%yn@baﬂfv (¢.8-- gt leasi eivemii LmPRtlF.feae®)0 ’E‘PE@’F’;ﬁVF’é‘t?on and
then the_ V] m%lg r purified
usi ng dia (J%I f sucﬁﬁﬂg %enééﬁ%‘ﬁaﬁ\%gw?éggse@t%&’gﬁg 9a menbr ane,
e.g., a hatilgekds] whmhlrma/y Mdicateaheitcﬂne {ublde} haerden anfected” iwaathgﬁll\/IJtAeubjecﬂnt a| ni ng

L ouigh. AR5 RSRARGISt LR Aeite IV BiTbaies e Hpoged SBPl PR, o

Wi t hog b'éﬁﬁs%ﬁuen\e{?lie%lf)f)stJCVﬁﬁ'tll&ﬁhe%ﬁﬁ%%‘f&lecﬁ sy B kﬁpgtép@a@iwﬁfgl s (e.g
SDS- PAGE) or masS spetonetry. The presence of VLPs can be confi rrred by

m cr oscopgatmentwith2g lmhempmdulmqrr oscopy The per cent age of total protein
in the form of HPVLPs sedi nen Qci
anal ytical ul E[I? Yl Ctg%?lp})?cﬁamﬂl Sp! subJec'pero was prev1ousrl’re cfe %1 ik asvhavmg

antibodies, can be subsequently tested at a later date and determined not to have JCV

antibodies. These subjects can be determined to be candidates to receive treatment with
25  an immunomodulator, such as natalizumab. In one embodiment, a subject who

previously tested positive for the presence of JCV antibodies and who subsequently

tested negative for JCV antibodies can be administered the immunomodulator, and

undergo enhanced monitoring as compared to a subject who never tested positive for JCV

antibodies, such as to monitor for symptoms that may indicate the development of PML.
30 An assay featured in the invention is useful to treat a subject having an

immunological disease or disorder, such as multiple sclerosis (MS) or Crohn’s Disease



In one aspect, the invention features a nethod of identifying a subject at
ri sk of devel oping PM., such as by obtaining a biological sanple fromthe
subj ect; wonbaBsIsg t he bi ol ogi cal sanple with HPVLPs umdenSecana2dsdsnns
suitable for binding of a JC Virus 30 (JCV) antibody in the sanple to an
HPVLP; detecting the level of JCV antibody binding in the sanple to HPVLPs;
and correlating the detected level with a reference set, wherein the
subject is at increased risk of PML if JCV antibody binding is detected.
The ref ene e t i about
5% about Ins c?uétlﬁbl(@%k%l %ggssgg}i J}t&g}ﬁ%i%h}gerr é}gfhgé Ben t%‘l ﬁg&Fa’ngoé u?l onﬁ{Seat ures a
met hod ofand d@tpatfemsnwcﬁhﬂs by isBéwing tl@at%csasba}eﬁteffle\dﬁb deettniCV adtitddiesvel of
anti-JCV. a bodi es i.n a sanple _fromthe subject, such as froma plasm,
bl ood or & é.l ‘Laﬁmaeentaﬁua %%Igﬁoélﬁii kst enviosepte sagh asdn pglinisgldriakt accor di ng
to the level &f Jgfthir aéﬁétatﬂé (R GPrel st 8 13T ‘?1s1 ;é% %ﬁ%ﬁd HBadre
rece| ving an i munonodul atory therapy, such as treatnent,

e. g., S nabat reagemtfor parfareyngren @sayatoddetily afTEV a:rmbedy/lemgi iala samplenewchdis| at ory
ther eapy b@ 10 Sone enbodi nents, the subject has been di agnosed with an
i nmunol ogi®%UPSIGHISBRR o1 di sorder, such as multiple sclerosis or Crohn's
di sease. In 0@1@0@1@9@5&6@"&@ 1ﬂv@ﬁt161?1‘éfétesqg a%mdtloﬂ@/mﬁﬁhhgmq) pattiigd er m ned
using a one-step ass i n anot her enbodi nment, the | evel of anti-JCV
ant i bodi é@nsnttln@@s&qnﬁaliaeqf ViBitgntainingpasticles thetary gre@ier fresize then en@lst ep assay

or the t |ncI d one enbodi nent, the
met hod O%Qngﬁﬁf %ﬁlc%t \ﬁg ‘§ ﬁo?aslﬂ:(t 4§A§§%§a¥%8ﬁ‘?ﬁ§‘f &8 et er i ni ng

t he levelkomthinimy dbodf3s FPY Inlﬂﬂédu@é% hbout be \ﬁllbh@l@&ulbd”l aBout a0P VP Ifmeletdedlat e
subsequen to the initial sanple; conparing the | evel of anti-JCV

ant i bodi @8oytd>p ﬁ’é)lslaﬁ]ﬁP‘éle%rabﬁ‘\“tQtQQ Ripaelsgelas, abeuts 000/ R aolegylss, abputt he
sanmpl e f roFwiPigL LR ﬁ%ra%@ﬂpi&) Ppﬂlo?e%hf%ém ning whether the subject is at
3 risk o? i" e su%

i ncrease sequent date 20 conpared to the tine of the
initial sanpl (Another aspebhfeatuecdaspleinyveitivn is o werthiddof prgating @somtiorbhod of

nmoni t ori n,a subj.ect, the hod conpri sing. determ ning the
| evel ?—&\ﬁr'\ﬂ's\]% ?‘b‘é‘tﬂl IRg reoyi \ZE{‘C%?W@%P%% o thgsolutiqny st dat e

assi gsn Neha afdl 1B 59k of’&/wp(tepegtamebbgftss %dﬁ@%‘e&ﬁ&ﬁvpf b@)ﬁeﬁdd%garebas ed on the
| evel of anti-JCV antibodies in the subject on the FII‘S'[ dat e;

det er nmi nieKRFessee in ealls) e.gf immséct geiis ermamdh%scqlln Ehe@blﬂr@btsed; smdl @hea sanpl e

f ng. h d
L ow 11 s ats AR feet ] Bhlgisa g o Bl eBisisthBotsibect on the

second dgtegipitation, suﬁsaybyeghltf'(ergﬁlaﬁqm@ﬁumHHHétE’) ﬂe&pﬁaﬁbrﬁ Bhy thenthd VRE. VLP
( virus-1like particle") consisti ng predom nant%guof the VP1 protein. An
" HPVLP" F@&P’G}P@oﬁupﬁm?ﬁgt isspa¢enfrated jagd Sgthep s diplltgtion isuchhes iy capsi d

pr ot y conbi nant
UpL, 1ot pemsabeiels At BBt c@%&%%‘tfahﬂvwﬁﬁ%st&b@ﬁ@mosed of
e.g., nomenitiane. dite sphmbamantamngnha MRl -comtaihiag phrtitlespegt HRRIPS, 1smltumni ts, at
| east 20

subunit,s, at | east 30 nt njts east 50
pent aner F‘@ﬁ%smft@hfﬁtg |304Q1-eXhpBgs SICR-7B ggt‘\‘f’ﬁgg eﬁ*é\'}tgﬁﬁst@r fgfmethr ¢ of VP
1. An HPYLP viBva E%@'Wl\é?&ltgewvee&%és@é‘& eld) a@c&%ﬁ'x%}éﬁfsf(b %e%DEOPA@?V ation

(e.g., the polypeptid be organi zed in pentamers
whi ch casemass ﬂHPWtWaﬁh@@rmnmﬁéﬂ"éﬂmetdmaﬁnﬁedﬂﬂztnmbwpp,ta gles, at

| eashs 50 el\épt}orp %lléégsec%%)il d%ﬁé pgr%erlltgzcg?esgf totaPpro?em in the form of HPVLPs can be

determined by sedimentation velocity analytical ultracentrifugation.

In one aspect, the invention features a method of identifying a subject at risk of
developing PML, such as by obtaining a biological sample from the subject; contacting
the biological sample with HPVLPs under conditions suitable for binding of a JC Virus

30  (JCV) antibody in the sample to an HPVLP; detecting the level of JCV antibody binding

in the sample to HPVLPs; and correlating the detected level with a reference set, wherein



pol ypeptides, at |east 360 VPl pol ypeptides or nore. HPVLPs include
capsoneres, which contain about 10 to 24 pentanmers. An HPVLP featured in

t he i nverwODan11ommebi nd anti bodi es agai nst natural | y- occecmiusggitiopisazt JC
virus. In sonme enbodi nents, an HPVLP 10 includes a second, and optionally a
third, type of polypeptide that is a mnor capsid protein of JC virus,
e.g., at least one VP2 or VP3 pol ypeptide. The VP2 or VP3 can be

reconbi nant or naturally-occurring or naturally-derived pol ypepti des.

Such "hi ghl uri fied" parti.cl 0 i.n_pore.than ong, V ntaner, e.dg.,
at Ieast%%e,%f&cg Bt 1r§&a8%{)r,1sl%ﬁﬁﬁ%g,lpi/(g\f a%@%fmb ]ﬁ%gﬁ@fﬁg‘;ﬁo ess than 100
VP1 pent aéfefedice b isuetdetddi td dicadsla Elscatkopavd dafd SFabeais % cablit Fongsbut 19r

exanpl e, bY a nmethod that involves double filtration. For exanple, in one
enbodi me®t [€S& highly purified preparation of VLPs is obtained by purifying
the particles S Ice. C i I o r . a.sycrose
cushion. In géﬁélr“gﬁ% a%gécﬁﬁ&f@%?tgoggﬁeéﬁ%%q%%tﬁg%8F1Idg%t}]ftvl{n% @gEEIySEin?g activity
i n an5ELIsBfeadsaletciminige thefleved df aahICVlantibeditsin.a sampiofidm tesgbjecguch
control sanples are 20 negative controls and/ or  contr ol sangl es. contai ni ng
| ow | evelS¥Ctbas IRy agiasmiehiogd or serum sapgples aad a¥sigaing aslskieyslie the sgbiect echni cal
and sci entd g 2 : I D@ nly

dnder st oo by B et Gat Y e e P R B Vet i on

bel ongs. rédeiznungighinmatieoiedwdatdryrtherapy,abish ad an drdir VbA4arpatmedteng., t o t hose
descri bed rein can b% used..i.n the gr.a_cti ce or testing of the invention,

d..
sui t abl e THEIAERL 9501 Dt @Ridrie 1oh CH¥ae AP sRmugamedi 2Ry tstsPY-c it i ons,
patend apBphkeabo@sents) Hebiect 2R beS Hidindsed MhBHEIMMBLIJgRALHistREet N are
incorporated by reference in their entirety. In case of conflict, the
present s$ioeder] wek pomultiplesalerpsigovierdbni s disnase. Injdne embodinadnt, thelexeldift i on,

the mat erahﬁ-:Jﬁla/- %@8@% {saqae?egrngli%%r{glniiarﬁe?srtéé)l %s%%{jé?& }nve o%{é' Xpﬁggimne% |t ended

) ¢
to belim one o ments o |nvértil?|on are

set fort levehof Ai-BOV aatiuiaiy detgrnsihedisias a ancksichasags Githpi theondelepw. O her
features, objects, and advantages, of the invention will be apparent from
the desc@S§¥io6HedRg-serasagay diinde2ghliRa assa% ns. DESCRI PTI ON OF THE

DRAVW AIGS 5FI Gipy Lnd Sy el Re: n%"‘[%'l . F | SA on
sarrp\/\rlgls from slﬂéjrlée%%@()(gfgg??;d%gﬂ#%?a g%\(/lE%ﬁlX{l n trfz}sg lrtljfglglrlgg%(ulf@g%si tive) and
negat i ve ifidude3 QoteDhihingithe heiet oflantinEC Y Bintiboelgestin e) subjBheinksempépfresant s t he

i nterquarg] he nedi.an_line.i ent. rackets

repr esent®® l EIB%%%@%&FM %"f‘rll‘ﬁ?tl% Opypaung ths I?Y%?Paéﬁ‘ﬁ? g?(j‘ﬂgﬁgdé???@é t
obser vat isgipleFRR B shbRqhbiiRRBite!th ehd 1861 (R el dafip® from M it ishg; 4ddt est .
determining whether the subject is at increased risk of PML at the subsequent date
20  compared to the time of the initial sample.

In one aspect, the invention features a method of monitoring PML risk in a
subject, the method comprising determining the level of anti-JCV antibodies in a subject
using a sample from a first date; assigning a risk of PML (e.g., high, or moderate or low
risk) based on the level of anti-JCV antibodies in the subject on the first date;

25  determining the level of anti-JCV antibodies in the subject using a sample from a second
| date; and assigning a risk of PML (e.g., high, or moderate or low risk) based on the level
of anti-JCV antibodies in the subject on the second date.

As used herein, an “HPVLP” is a highly purified VLP (“virus-like particle™)
consisting predominantly of the VP1 protein. An “HPVLP” featured in the invention is

30  composed mainly of the major capsid protein “VP1,” which can be a naturally-occurring

VP1 or arecombinant VP1, from the polyomavirus, JC Virus JCV). An HPVLP can be



10FIG 2 is a graph depicting anti-JCV antibody | evels as neasured by ELI SA
agai nst urinary JCV DNA | evel as neasured by gPCR (n=204). Open circles
repr esentworingssisd ser um sanpl es coll ected at mat ched B8TRAB201i0RG83POI Nt S.
Closed circles represent sanples collected at different tine points. For 17
sanples with DNA test results below the | evel of quantitation (<500
copies/nL) the level was set to the detection 15limt. FIG 3 is a
graph depi cting BKV-JCV cross-reactivity data fromone rabbit i mmnized
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sanpl es from uronegative (n=311) (FI G,k 4A) and urgpositive (n=204) (FIG
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hi stograms depicting the frequency of observations w thin each 10%
i nhi bi ti ovhi¢ghaenyéain gbouillp tpat pertemersn28uBP VLPIfGtusA)n thednvantipn sin bind

patients B he .di styibutiqgn_cons rly
defi ned Sgglﬁédqesrr&g%ns{ n%all? %/Cusrré%%irlgtla%td’r da‘fmifogfl PHT Bﬁnﬁ?cglﬁlenk %\A%Pml bition
| evell0corifichades raciecbrfdpancbmro@xmymt}ﬁidgt ﬂae»fF)@m@éptfdefthéa ipehigsticapsid of the
response distrihution of uropositjve sa 6A and 6B are

Fl Gs.
pl ot s of PHEEsE JGHiyese & #ripashens¥PaenVig pelvpeptider|he WA ox, ¥PE gan brer cent
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PM. sanpl es I zont ines r present es of 0.10 and 0.25, the
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negativ ede
15  Such highly purified particles can be obtained, for example, by a method that involves

double filtration. For example, in one embodiment, a highly purified preparation of
VLPs is obtained by purifying the particles at least twice by centrifugation, e.g., through
a sucrose cuShion. In general, an HPVLP preparation can be identified by its activity in
an ELISA assay using defined control samples. In some cases, such control samples are
20 negative controls and/or control samples containing low levels of JCV antibodies.
Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the invention, suitable methods
25  and materials are described below. All publications, patent applications, patents, and
other references mentioned herein are incorporated by reference in their entirety. In case
of conflict, the i)resent specification, including definitions, will control. In addition, the
materials, methods, and examples are illustrative only and not intended to be limiting.
The details of one or more embodiments of the invention are set forth in the

30  accompanying drawings and the description below. Other features, objects, and



10 minim zes detection of cross-reacting antibodies is useful for
identification of individuals that have been exposed to JCV. Depl oynent of
such a t e80 20myo8hsouseful in the identification of indieCciaskenksihave a
current JCV infection or have had sufficient past exposure to JCV to

devel op anti bodi es agai nst the virus. Such an assay may al so provide a tool
to assist clinicians with PM. clinical vigilance and risk stratification.
For exanple, 15 such a test may be useful for practitioners and patients as
part of han . { ' i ole] . ately
assessi n%ﬁv\/\ﬁl\géﬁgr@%g}g% jtelg}faﬁlggg eageng?%glsgl dtg %ﬁ?@ﬁgﬁq@\d%m%@g%t he
anal ysi s tiieglaintscl ude determ ning JCV antibody levels in a biological sanple
fromthe patient. Certain difficulties lie in devel opnent of a useful assay
for JCV antibodies, for 20 exanple, the establishnment of validated cut
points. Applicants have ﬁfﬁS’(‘?ﬁIﬁﬂ@NWI@?kﬁPl@i\WN@ﬁa derived from assays
of urine and plasnma sanples frompatients that are uropositive or

uronefjati ve f FIGJICI4 Didph depictivgrthpresblteoh ansHELR ER S Agnaamates dsom t h

Coing o MR PRTTY RedC YA i tetBinecE e Shef kG b EaserRye B A P A b oty
assay. | medgidd (tmone"gaﬁbé)c gt Box Fepievéhts theShRYQILEe (1BR) dahge waR tgf a

secondary assay to resolve sanples with anbi guous results in the p[’i mary
assay i nprasianslinetio the ¢enterybragketsireprgsend pbsesyationswithimlS simes #feUiQR.€9UI t f or

such sampl es. Accor di ngl n.an icali i d : a

i ani v potens resteen SeBdaon gl iR g A wali e
develigped to daGezis 4 fraphdgsaipeanttlB0akBédaidvieadyndagured bod®LISAui d, such
as serum plasna, urine, CSF, or other body fluid that con} ai ns anti bodi es.
I'n exper iRSERSIITINGTRAGY PNA lavelasasesusd by aPER @gPdkiQransisglesdepressibyal ence
of JCV ant. § %“_l]'] i ARA : 0kl kil cfc1€d 1 Ni cal

st udy ms’ﬁh}nﬁ%«f{l? m&?‘ﬁl}ifégggh e%(ﬁ}rngit% the arglgg@neggelgcri ggoé ﬁgreign is the
use of a réprgdenysqmples dodldcted ntdiffereketipapbingd. & of HP\ghRples @it RNAanstage of t he
assay describ herein js.that |t a relatively l.ow fal se 5 negative
rate, e. d.es,u'ltégglﬁf’vst € iﬁé@fa?fl qrantitzfien g%EQBBP}FS/ A;th‘aa%?ﬂ?}tw%f’qet tﬁﬁ%%il&%‘géonabout
4% 3aboutind% about 1% or |ess for the detection of antibodies to JCV. In
general, the assay has a false negative rate of only about 3% or |ess for
the detection 6. dind greph depictingIBVV-ILsV aroserdapiévitidatefram one rallit assay can
be used t.o_noni t.or...t e{.convesr si an e for .JGV. .k afﬁe{, e assay
has been 1%5}]&“%68 “éﬁhs]%g é/{rgﬁergn hua es%ﬁ%?%@%ﬁ%@@%%%f noevllolggr"mr e than
about 2%vwiith leigh affirt§ (B850t 1: 060,600 jaf¢ tosbeactee dth IOV ValPsYEGs@at i ve for JCV
anti body. This denonstrates that the assay can be useful for nonitoring the
JCov exposléfrago@t atus of an individual over tine. The assay can be used for

t he tection J " i LI %Hfi@ S 8¢ teruininNGhistiseh @ subj ect
cons?geri ng tr%%ﬁ?ﬁdﬁ}?ﬁ%ggﬂﬁﬁn%u&hg@%ﬁ toarl, Pgr eefarrp {éhsar? 15anti - VLA-4
t her apy (ueompgativeatnaB 1 DHUEHD.)4A )eand andposiivg (nt204) Q. @B) gatients inulé nab) , an

screening and confirmation ELISAs. Distribution of serological reactivity of the samples

in the screening ELISA are shown, with lower (nODyso = 0.10) and upper
(nODyso = 0.25) cut points highlighted (left panels). In the supplemental confirmation

25  ELISA (right panels), a 40% inhibition cut point is highlighted (vertical line) with shaded
regions denoting samples that did not confirm to have anti-JCV specific antibodies
(nODy4s9 < 0.25 and percent inhibition < 40%).

FIGs. 5A and 5B are histograms depicting the frequency of observations within

each 10% inhibition range for all patients (n=515) (FIG. 5A) and uropositive patients

30 (n=204) (FIG. 5B). The distribution consisted of two clearly defined peaks, most
optimally separated at 40% inhibition. A 40% inhibition level corresponded to



anti-CDl1 a therapy (e.g., efalizumab), or nycophenol ate nofetil; in a
subject currently being treated with an i munonodul ator; or a subject that
has ceasewotosaBs®at w th an i mmunonodul ator. The assayPrmyush@10s@stul to

ot hers who may be susceptible to PM., such as individuals having

| ynphoproliferative disorders, such as multiple nyeloma or a 20 | ynphong,;

i ndividuals infected with human i munodeficiency virus (H V), or having
acquired i mmune deficiency syndrome (AIDS), hematol ogi c nmalignancies, or an

aut oi nmu gggg } 3 151‘543@1’ sl

i nfl arrmat{a gﬁi}k owe? t%ggggftﬁﬁ%ﬁﬁgg Ogﬂgﬁ%@ hgg &s}gtg@{elﬁ?&cg 0 uﬁ“&%r ative

colitis, saples.pl e sclerosis (MS) or arthritis, e.g., rheunatoid arthritis
RA). Th I b ful j ect 5 i Vi

| minosUppr es 3108 B xR AB RS PLEOP s HErS P BT sirbrras EE R @60

pati ent s yeEHEPRLE: YnHib LA Q8IMBPEE@ShY orfrmalibl RO IDA ub et 8 férhlﬁé appRs include

nat al i zumab, rituxi mab, efalizumb, and nycophenol ate nofeti The assay

can bé udMlubamhples. dderennial hine repryverd mOhemvadeesiofn 0d Osndj0eky, tl‘tﬁa'imi@l a

di sorder,. or being treat.ed.w th grug, disclosed in Piccinni et al.

" Stronge|1m3§esp5%sle% ipgrr?eg?fmglp%qnioﬁgéd progressive 30 multifocal

| eukoencephal opathy (PM.) w th biological immunonodul ating agents" Eur. J.
@un. Pharnacol . 66:199-206, 2010, the contents of which are incorporated
herein by refer ence. DIFPAIEED DESCRIETEON QF THEANVENTEQNof HPVLPs in an

assay for JCV antihod iafsg%?(gr}gyr%{tﬁ)\éﬁieg Bt ﬁﬁlgi&&gé‘é%ﬁaﬁé P%%‘ﬁv@sséﬁ%y and 1 s

useful in an assay sul analytic an I agnos pur poses. VPl for
use ilf pmadintizenyletdetibPef crass-teactigetibbéids issisafpl fertidadisicktimvef individualsart and

can be either naturally-oc ring, VP1 or_.reconbinantly oduced VP1, e.g.,
2 VPL 11 GHALEARRpeDieR yed r%fﬁ{énbﬁgloynxeﬁbof\ﬁp_ﬁh adimes boprif g MADL strain 10
of JCV. lifenBifoRiAMIerdiVRIAS whollBvy R Eud&RICWVintdBoR 85 B eHRAARIIR &t Yt from
nore than one JCV strain, for exanple, fromone or nore of strains 1A, 1B,

2A, 2B, 3xpasureaiod CV. toAtevelop pnighyaliestagemsiche vivas. Such.an assayondyi alsmproyide

synt hesi zed ,VP1, .the \VP1 fo i.n. the .assays.described.herein is then
Purcner pueid asrid Aftihe b8 PAIE olileh e iRansy S50 SRR R frarinl
densilsy- gued Bt hay bé aRailtfvd pra@aionest aiatpagelss aPparbofSdl dvakiafbn 6heM cal
15precipitation steps, concentration/diafiltration and ion-exchange

chr omat o@EE@H 1iskiof dpyaleming BMLoby arsurely assppiingamheiheraesubipst hasheed t o renove

smal | er ] 3 C i : : I . VP 1. The
omoval SFYEAREICY i RO ERlnalYi Y HORRE iEESninlle BRI T one step
or in twhewlspa tidogical samler fsém fthd pat@hi.on step to renove VP1 nononers, and
then a second filfratiopn. step to renove pent r VP particles). Such

bi ocheni cal pé@?‘“c‘gffl}cb‘ﬁleﬁi‘fe%é%veiﬁpé‘l%B ui%“?%?é’ of Tﬁ_&{]ﬁ@tﬂé‘f 165, Banpl es 1
and 3opr @infifle! 1 csthbliBhRAt of FRliNALSE cAf polfeY XBAHdAnR mRYE Lé1vediHiOfoblem

using data derived from assays of urine and plasma samples from patients that are

uropositive or uronegative for JCV DNA. Another problem is developing an assay with
specificity and reproducibility. Applicants have solved this problem by using a highly
purified viral protein-containing particle in an antibody assay. In addition, applicants
25  have discovered that the use of a secondary assay to resolve samples with ambiguous
results in the primary assay improves the utility of the assay for providing a useful result
for such samples.
Accordingly, an analytically validated assay that uses a highly purified
VP1-containing virus-like particle (VLP) has been developed to detect the presence of
30 JCV antibody in a body fluid, such as serum, plasma, urine, CSF, or other body fluid that

contains antibodies. In experiments to validate the new assay, an approximately 54%



An HPVLP preparation (HPVLPs) according to one aspect of the present

i nvention does not contain significant anounts of VPl nononer (e.g., has
been puriwoDeditmss3senove nonomners). An HPVLP prepar at i onprataseailngssn

anot her aspect of the present 25 invention does not contain significant
anounts of VP1 nolecules in configurations the size of a VP1 pentaner, or
smal | er (including nononer). The HPVLP can be prepared from reconbi nant VP1
or naturally-occurring VPl (e.g., isolated fromvirus or virus capsid). In
sonme enbggdi jy b : RSN : t he

m nor cog{gvg?g%ez?fr{gq?%@r%%\q%k#%g@ﬁ e.g., V%?a%%{ﬁ{}%g,auﬁ ﬁ%@%&%&@n t he
HPVLP pamis cdeatiB&br Adkey fastemcofaheassay désctibed lsarbintis teaise of mhipblyepwisds,

reconbi nant |y expres may not assenble into pentamers or HPVLPs that
resenbl evﬁﬁlflﬁ?ed?ai??ﬁﬁ%@gﬁﬁ‘/s g viral capsids, for exanple, reconbinantly

expressed VP1OmRY%IAREIEd 5B 4dB8 edterQh Methat 1P RasSPREfVER! 10GERRBL I i es.
Accordingly, the invention relates to nethods of producing HPVLPs that are
subst ant negatiye saserex §- caafaliemeBatineaaistal wbourtHE %, nbeutt& e rabowich Yacehoutisl. P

prepar atipon ere at, least.about 10% abqgut 159 out 20%. about 25%
hout | 5030 aenALaHay ab e Rl deissich oPusibodiis 8 1GRok™ fBi 8BS xbou
95% or ahoafalRHeatvelrae JiBMRHOL%RE 1463k ERahatiéedtionaFarib&liéde JICV.
natural ly-occurring JCV capsid (e. are in _an icosahedral or

subst ant Pgldescribs beteipthe agwastiycan i%é Hyed tormeniies therasEanyeIsion ratg forJ&.p

pr epar at i i 9 % 9 9 % 709 % 90%
o it

nat ut@l | ynoae than mbowg 23k cepietd dohdtichsubsiictsodso weare initially degativp f@sikivig vi r al

prot ei ns under ndjtions that result in suc reparation d/ or
i sol ati ng™ yp&?‘isf sEytpt Wakiba avsey s By Bﬁegvlﬁ‘grp@gﬁ&g%tﬁség(}herei nto

produce guGRuR REPG Alih@RiduhPoletiids of making HPVLP HPVLPs can be
made, for ‘exanple, by transformng a baculovirus with a vector expressing a

VP1 gene, sucfhagssay viibgyesed for thendatedt®n/ofrJsy amtfhodiza duhayhuman subjegted t o
infect a.cell. culture, such. as an insect cell cultu (£..q. F9 cells) or
o v Pppdin ¥ S o ifedind reAterl S op e itodtefe” G Pamalbdnn’ 1 ps
are 150! aheThy-4ltNErhpe(et et ZufabR Al aREUGIIZ0 therapii Ee. gfagﬁtdxﬁhg@, ahrough a
series of centrifugation and ultrafiltration steps.. I.n general, the

puri fi caeMéntldagharamt (e adalizwgnad woh srysophrmelatemefrtil.dn @ subisef avently
sedi ment BLind reated SRACIY igmlﬂtkr{?h?o‘a%&ft&l %Pagﬁib'tié%'ﬂ lﬁpﬂase%]él?e'aﬁzfe\égnﬁlt%&iﬁ{ dd tration
RECROAS KNown to R ATt | odi nent's,

or ot her ose I'n ncertarn e t he

puri f i caimmunginbdulatoe| Tihkeassay mey B assftil tofotigirsigrhd henypersuseeptibletth PMIgh a

sucrose cushiqgn,, Jn an alternative, purificatjon thod, .cells are |ysed,

and par t Feqhes mgixiduals|naylng ?sﬂpﬁzppg@ffé@gvsfhqud'@a : <P PiiERyeloma or _

concept r fbrsHynsh; &idivilinas irtet&d GRE hiinkf idmiuhSdficiddRy ‘%ii«ﬁé‘?ﬂ%, StRRingPuUri ty

can be assessed using any suitable techniques known in theart, for
acquired immune deficiency syndrome (AIDS), hematologic malignancies, or an

autoimmune disease such as systemic lupus erythematosus (SLE), an inflammatory
bowel disease, such as Crohn’s Disease (CD) or ulcerative colitis, multiple sclerosis (MS)
or arthritis, e.g., theumatoid arthritis (RA). The assay may also be useful to subjects
25  receiving immunosuppressive or immunomodulatory therapies, such as transplant

patients. Exemplary immunosuppressive or immunomodulatory therapies include
natalizumab, rituximab, efalizumab, and mycophenolate mofetil. The assay can be useful
for detection of JCV antibodies in a subject having a disorder, or being treated with a
drug, disclosed in Piccinni et al. “Stronger association of drug-induced progressive

30  multifocal leukoencephalopathy (PML) with biological immunomodulating agents™ Eur.

10



exanpl e, analytical ultracentrifugation, electron m croscopy, PAGE

anal ysi s, mass 30spectronetry, protein concentration, or activity in an

ELI SA wi twocomntassdédsera. Insufficiently purified VLPs resaiseotif2@3hi gh
background yielding falsely high JCV anti body | evels or cal cul ated exposure
rates. In some enbodi nents, the HPVLPs contain VPl as the sole JC virus
protein. In sonme enbodi nents, the HPVLPs are heterogeneous particles, and
therefore 5 include VP1 protein, and at | east one of the m nor coat

ol uaes P el Gt 200 Aoy B PR BRI et e

be produegdredsé.ng net hods known in the art, for exanple, by transform' ng a
bacul ovirus with a nucleic acid including a VP I and a VP2 gene, such as
under the control of the sane or different pronmoters. A cell culture is 10
infected withjtdye baculovirus, and the cells express VPl and VP2, and
HPVLPs form which include both types of proteins. In one enbodi nent, the
VP1 afid VP2 géiness dis@vereddhdt filer wsetof HEA IR ie@ulassmy fohECDhidtibdliescahes ar e

transforned into differe bacul oyl ruses.and t he bp@gsfowr ses re used to
t r ansf ectMPRAVE 414 3¢CiRey 8 BV AOF & USPHE 1L & PP 0 nd VP2

pr ot i 1S giARGkfdRFRe! OV Y18 i FiblibSe PPVLESKRR Be Qbnckitc nghg hitthddd some

cases, a heterogeneous HPVLP wi Il include, e.g, one or two emiypeptl des
for ever knéwndn Wlélarq:v@ki)cp@p@ eifless natumalbemumng R1 pPsgcpmbiniantly preduéad more VP1

pol ypept ikdgs tha tid cas ccurring
JC virus. \ﬂﬁ Ar\(lly ll—é%% lr}l%elﬁltﬁ%%mlagtfeh{)@bfseéﬁa l\@lilgtﬁ21 E@%M and VP2
nol e¢ol esfgaw, bﬁs&ﬁ@éﬂﬂﬁ@dimeh&r theRanphsed ilhetassuySoaipfiseVR] Baalmore thats W t h
a nucleic acid including a 20 VP1 and a VP3 gene or_a VPl and VP2 gene,

respect i Wap yCVutaiss farieeample; from ose of ore ahitrasns W kb 2éneBed ohvsdr’s. A cel |
culture i t r 1 and VP3
or VPL s B MBI O PO Syl P £ T TR PR R O

sone enbasdagedéssribédieerdiRls thed fier pnnﬂ&ithmmgh\éﬁﬁldgﬂriﬁecmnﬁcab lmathddker ent DNA
nol ecul es, .the nmol egu are transfor into diff rent

bacul ovi ﬁ’&@‘é@ng gNAltf"rgéadg%iE&i Rigiugatigh m > U TFIEHS I s in the
same jgul ?Hé FpitafibR sﬁﬁi 'cén&ma@&ﬁdlfahﬁm\{%ﬁ aﬁ@fbnvgéha{get&lk&ﬁategrayw ARd VP2
genes, spectively, ‘and HPVLPs form which include both types ‘of protein.

HPVLP parpunﬁba;smcraﬁhw tlyBloalébt indlude aistepue eme epumaller preseinsinalpdingt hods known
in the art such\;ﬁ

d CV |}
pent arrer Aot Y Pl REH ISV R e o S Rraalen B,

pol ypept ic@be abik ianfdr ¥anple) mmatstege)r aneiOste@. gva&i@pﬁmﬁm stdgto dependi ng
on whether a VP3 gene or VP2 gene was used to nmake the constructs. There
will typirespys/VBE we@evpandptbpy péprond dutratipayStepPD 1eRoVeReRingpEdt i des in an

V50 ChaRRAR). emgldalaa;@@ga& p@ggééggp%eet%@% ACIASHNOABR i et FUS that s
Examples 1 a-nd-71 provide two different methods of J CV VP1-VLP purification.
An HPVLP preparation (HPVLPs) according to one aspect of the presént
invention does not contain significant amounts of VP1 monomer (e.g., has been purified
to remove monomers). An HPVLP preparation according to another aspect of the present
25 invention does not contain significant amounts of VP1 molecules in configurations the
size of a VP1 pentamer, or smaller (including monomer). The HPVLP can be prepared
from recombinant VP1 or naturally-occurring VP1 (e.g., isolated from virus or virus
capsid). In some embodiments, additional JCV components, such as one or both of the

minor coat proteins from JC virus, e.g., VP2 or VP3, are included in the HPVLP particle

30  or are associated with the substrate.

11



5An HPVLP that includes all three of VP1 and VP2 and VP3 nol ecul es can be
produced by transform ng a baculovirus with a nucleic acid (e.g., a

circul ar \ORAP1118§369 <5.5 kb) including a VP1, VP2 and VP8TEsn@E,1/02088h as
under the control of the sane or different pronoters. A cell culture, such
as a mammalian cell culture, is infected with the bacul ovirus, and the
cells express VP 1, VP2 and VP3 proteins. HPVLPs consequently 10 form which
include all three types of proteins. In one enbodinent, the VP1l, and either

or both of the, Vi, aid. YESL08055, LG 00 i SLe AL RUAIDLAS U Bamc N DNA

nol ecul es are f ans ane or eren I'rus, and the

bacul ovi HPYIdsehatsednible hatiually-ocehrting iviral dapsids for @angpdgacmnbicamtlyur es. The
cells express the VP 1, VP2 and VP3 praqteins, and HPVLPs form i ch include
bot h typexpresses VEtanay aSAerﬁelpém@@ebré@aetf@snwpmhﬂﬁeérgepwem?ae cgorgingly.ye VP1

pol ypept 't}gﬁﬁ‘ﬁ&r@ﬂn%ﬁt&ﬂ?ﬂe&t)délg%@&gcn\\/ﬁFWP)é @l@d?ta éjs%ﬁstaﬁthatlwﬁéhéahﬁl ratios

may vary Wi thin a preparation ere prca be nor
pol yp&pt 'gekﬁﬁettma’l‘he\/lﬁﬂemmd 1W8dq:sdl[Wbbpr@asatmns wherlellavleﬁst about 10%, I n sone

enmbodi nen n, si

greater P °"§| %4” F?utbg‘y%@gﬂftggi@tag go(r)#hé‘]é’o‘gf&p}? Gs‘é?tfﬁséyfﬁpgﬁlt%ﬂe aho'é\tn HPVLP
parti cl egp®, 2806 §hout93%, Br RSN 90 of SROHAVIIPE ¢h &1 rgeéﬁaradanﬂfesehru@t her
enbodi nents, the nefhod of preparr ng a sol ution of VLP can i ncl ude

r enpvi ng termamrelieocaittng KAV sapsid (4. @sareén gn icosshedrabavsibsentallysspheticalp1

h |
Vet hoos. SRR B Rfmins BEVER efsrtielicRERbAREL RGNy can be

used10 o pevd, 259, ndr%§5mrrsd%cm%mozst%)%, 5P, 38 9SG tRTHOWILIPE i the Ot her
met hods known in the art ion exchange chr omat ogr aphy, . can be used in

the prepRFRATAHAN sesembla the n@wéallmceurrmgd@r ¢apsid. Dughom samincludg general |

an HPVLP at | east 20%
HPVLPs, el &%@J@g%gg‘k&at nelngsfth%}&@lE@%g@/a BhebeafBR Ry P Ps, at

| east 65%okfMRad patifiligastpraidéd viFAllpRsicinabs HesasbedBiyeinRypRelucasucheast 85%
HPVLPs, at 30 | east 90% HPVLPs, at |east 95% HPVLPs, or at |east 99% HPVPLs
conpar ed PFRARGAT  HLVLP parti cles (e.g., by percent of pentamers conpared
to VIP4 nononers and aggregates containing fewer than five VP1 nol ecul es).
Cut point 5The invention provides nethods of analysis that enploy "cut

poi nts" to reddatkodsalf yakingddPViR and fal se positive rates. The cut points

bl i sh d d f h det
ant 1 bodi s 1 n Y0l By e ieEThb i Tl AIR Bl R ARET O

dupl i cat expresdinSaVPl @8n@Rdchial 4 VPI @eficeRbmealCeirist qrhe@aanphms larusédetast t wo,
at | east four or at |east eight replicates of control sanples). 10ln one

versi on étfeel eellsalfures sushas ap mssct el cyftuedag., |Sﬁ\9 éﬁ]tlﬁ)é’ﬁ a ek gellom
| i L
i ni t Fé‘ HEY\!rrlg ertﬁé'?%ﬂe%ge ggé%}ﬁ%.vﬁl %jroten'r:t Hﬁevr 33/ a‘Eé’H lb% IW&e%

sanple assi avi ng not spe antr%odr es,
or, if t raﬁdeamfyhxfg tho particts thirahgh apetes ocﬁnmtnfugahmsmdwluaﬁltmaen ftepatnons,

then the sanple will. be subjected to a s enent al confrrmatron assay. For
exanpl o, SETHh B RURe oA PEQORT i P o0y SOt PoE e gAshion
sedimentation, isopycnic ultracentrifugation and extensive ultrafiltration or other methods
known to those in the art. In certain embodiments, the purification will include twice
25  centrifuging the particles through a sucrose cushion. In an alternative purification
method, cells are lysed, and particles are isolated by a series of precipitation and
concentration/diafiltration steps with a final ion-exchange step.
Purity can be assessed using any suitable techniques known in the art, for
example, analytical ultracentrifugation, electron microscopy, PAGE analysis, mass

30  spectrometry, protein concentration, or activity in an ELISA with control sera.
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15assay featured in the invention |less than an established |evel (e.g., an
n0D450 <0.1) will be classified as | acking JCV-specific antibodies, and
sanpl es tweatoprmsisde a result in the ELI SA greater thanPam/usstiabkisshed

| evel (e.g., an nOD450> 0.25) will be classified as positive for
JCV-specific antibodies. Sanples that do not clearly fall into one of these
classifications (e.g., 0.1 <0D450 <0.25) can be tested in a confirmatory
assay. 20l n one enbodi ment, the confirnmatory assay requires a

pre-i ncubat i.on ep,. . the .test. .sanple is.pre-.incybated, w buffer (or
bt her "surttugrae e s R B g PR Ersuped faine Slre Rl ! her

sui t abl e ag@hddyilevels srcaliubatél&goburd eMespeci fic antibodies prior to analysis
in an HPVLP ELI SA, as_described in further detail below. After

pre-i ncubat i ofn ek embediments, thisd1H\eloRs qostein NP [ee ther JolealQ viaesprygteitecr eases by
| ess than 25 9 f 0 hen t he. l.e, | Scinterpreted
to be negati vgg?@ O@Q%ﬁﬂg&ggg}é@h@% ﬁoIfe\hj%\;[} é E)lé)gg{oﬁlg%eogﬁﬁ)?%lgff?’g%q '?ﬁrgﬁoi('ee results
show & >4#f¥adecViRL piotsin,i and rae Rasti ome of eerainetlcddd prutdihesf IDMik. gl VE & pri mary

assay afg&rg’ re-incubation with HPVLP then the sanple_is interpreted to
contain -g[BéE‘i’thFrcen&lPﬁq“BB‘éﬁ%.HRW%HWB“]@W@&WB%@E@ VEAIpyotels &dnfi r mat ory
assay is f XAAR - ' réf yi ng
sui t abl eHﬂLﬁgﬁ%ﬁﬁl‘é’luﬁgﬁgﬁ’gw de ic%ﬁ Egg[‘ngguggﬁugﬁ u gl!to gg%‘léd% filtfe ﬁ’yﬁ){sui tabl e
sol i d sulbsampleebycaamsiemisea biailovitue WA\ Rickss agid iradwdihg a ViP1anda VP2

enbodi nents, the substrate i mcrotite | ate (e.g. 96-we] | plate) a
sl i de, agﬁ%‘%aa?‘g’oqs ‘Qgﬁrotﬁlﬁﬁ?ﬁ‘tmiﬁgﬂﬁfﬁg}eroéldﬁ? PRMAtGrst a”bFél ?‘gwr%’ﬁr onpgeni ¢
or chem hinfeiteesatihe BRURRAMS IndRAOQIS exARSAVP ISRV P2 24 IEOVEPCIedl by adding
a biological sanple to a substrate that has been 10 coated wth an HPVLP

and det edthich ipelude botbitirsg ol praseins.i n arisenzhodiment, the Y@l aind VAP 2sgeneslarb ase

| at f | ' tit | at f . 96 'l plate);
21 thongn TsrR IR M Ale SRR shorBiy e B SRR Besfl "ot mim s,

the bi ol bgtutedinsedgidahe badtildwiiusek 47€ usdd tbarausct dellsth 1S Sae cllfur€ €Thai N
enbodi nent fﬁaﬁ t he assa%//bf ormat i s an enz}é)rre-l i nked i mrunoassa){l 15 (ELI SA).

Br oadl y, celifeexpEsht Y %VP% Profeingded Fod R sigrm ndiduibsiudabethviynas oapt ur e
anti gen suahnasy E Bised, a%&%v%eggo&sq@i@bﬁp %ﬁﬁ@lﬁﬁenggg%ﬂéﬂrqgloa\fﬁi bodi es

directed ' to capture reagent ing to renove non- ically bound
speci es, palygepialee tarievgryt five ¥BUpdlypeptides bogepbek es HRVIGP wilbyomaiami@aogeni ¢

or chem 1 nesce S Chr onbgeni ¢ .sybstrates produce a colored end
product , ipéﬁy @Bﬁéﬁgﬁ?}’ea%g%P8_{§'p81?f5fe§’0asﬁ%g’fﬁﬁﬁﬁdn\ﬂagg%}&'%%ﬁl% Viitte use of
a spect r ophot eEPYLP @h fdlsdEs BBECeP! afd P8 ofbe® W PHHCeP) hiddculedieh can

be nmeasured using a |um noneter. ) '
be produced, for example, by transforming a baculovirus with a nucleic acid including a

20 VP1 and a VP3 gene or a VP1 and VP2 gene, respectively, under the control of the same
or different promoters. A cell culture is infected with the baculovirus, and the cells
express VP1 and VP3 or VP1 and VP2, and HPVLPs form which include both types of
proteins. In some embodiments, the VP1 and VP3 or VP1 and VP2 genes are on
different DNA molecules, the DNA molecules are transformed into different

25 Dbaculoviruses, and the baculoviruses are used to transfect cells in the same culture. The
cells express the VP1 and VP3 proteins or VP1 and VP2 genes, respectively, and
HPVLPs form which include both types of protein. HPVLP particles can be isolated
from such preparations using methods known in the art such as those used to isolate JCV
capsids. _

30 Typically, a VP1 pentamer that is in a heterogeneous HPVLP will include, e.g,

' five VP1 polypeptides and one VP3 polypeptide and/or one VP2 polypeptide, depending
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Coating a plate with HPVLP generally includes incubating the solid
substrate (such as wells of a mcrotiter plate) wth a solution of HPVLP at
a suit ablwoconossipati on (e.g., 1 ninl), either overni gRCTAIS2610/02832

speci fied nunber of hours. The HPVLP can 25 include VP1 as the only JCV
viral conponent, or the HPVLP can be a heterol ogous particle, that contains
at | east one of VP2 or VP3 per particle or at | east one each of VP2 and VP3
per particle. After coating vvith the HPVLP, the wells of the plate are
washed. 0 n |f| inthat is
ant i geni §g%¥ 3”%255’?3 gtoﬁt ﬁe @’%ggﬁeﬁ\g%énaakgfh&c ?‘Qt Céste g'hFSw tabl e

coati ng my:}il@ﬂlnyade&n@éalmwypdpﬂdéshﬁa@VP3 @ad'Paq)ollmbﬁd& ihan fPe/IsFeram al bum n
(BSA), casein or solutions of mlk powder. . The sanpl e or reference
i s i ncubA?BE cBRodiments ths ¥ R0y isrfrare apeliemacdnithat dnaotelCadrusvess 8 per mit

conpl ex ?ﬂw#egp LP/JCV antibody), thus formng a bound conpl ex.
Detection o ‘conpl ex is perforned using a | abel ed anti body that

can bdnd to huwmeHP¥LPIithadycludes atj elvee af VPi had VéReind &/ Rinnbleodys carbedet ect
human 1gG o 5 uman 1 gG and | gM. ases, the as be perforned
usi ng se@mﬁﬂ/ tra‘tsé‘?’?"ll%g 9%@3@&%%%%@ gacid (e.g., aﬁ“?@%%ﬁ@%eé -sanpl e can

be of the 5$5apE) RLRIRY AP 1, NBIRIEPS Ber, sudhl a8 SHBer tﬁ@édﬁﬁol Hf 1h@€am8br CSF)
i solated froman individual known to be’ infected with JC virus based on the

pr esence differgpr@neisn Aieélhenlwte, tsheh asrdinainthadihn ¢ell opisd, tis infgctedawitlefher ence
| dt t.abl i sh t hat th |
negat | ve bpatieViBR wing SRty VBT PRI Ttk ROl o BEVLR Bhscyifly”™ °°

condilgi ofismeivhrREtiholedd £ MedetypesoIPpRdteins.f BY sRtdnibddiri@ncthaMPl, SRPéther
conditions in which the reagents have been diluted to reduce background and

provi de Péh@blﬁf sheo¥P? ard,VP3 geppstars predifferant PNA spsdequiasetiie Diyanolegulasent s can
i ncl ude, eﬂfgﬂ)r%ﬁgg;tb ﬂ%ﬁ%&g?ﬂﬁ? réit ba&ﬂt){iﬁﬁ Bred th@%racdlf)‘@ a%Féﬁt phosphat e

buf f er ed s I ne cont ai ni ng 2ondi ti ons
al so i nclinfde cetinihi thé sdise bxfmpaxatea:uamea traerpeltmapress drAVPY, VRjzrarﬂ\pml od of

time sufficient ffective din cubat s are typically from
about on&qEnE: mﬁﬁt}’a\%@’ SdPrTB A Igting ?@wa lges of PrEiph PateingEsed
appr oxi majmlpp é’aﬁl(}nélﬁd@ %% 9t vi4 c}fﬁ’%pe?ﬁd&va?lﬁ%g RhcHAdf WOMId ¢35 However,

those in the art wl o’lerstan ot her conditions may be swtable
I n gener epblypopteiee,ralthou@ thasits naayevamyommhm ®prepantiere nThdre wilh gpicllydas of t he

assay. S uent (e.g., PBS or

PBS/ Twee Or% tb%fsfstgarn%% ggr% g’lpegtt 8"&!%?%?' n of anti body bound
to HPVLP is p@ﬁé@ﬁ@&db@tﬁhﬂaﬁtsr@bm,wu b&g&mariﬂﬂsliét@a@atvmlptn&mer al, such
met hods are based on the detection of a la or marker, such as a

r adi oact BYegredten g sizgcié i meast g1ab ficandss of Py santpined iyan HPYLPmartige is

concegni for exanple, U S. Pat. Nos.

5510 g preelet Bt Eplari BB SINGFPI0, 13T TTUE 4 575 140 and

4, 366 241. | nhgether ahbodﬂment@}&hdﬁtednidl aftpre;fanﬂg:‘d sejmtlbboﬂHPMUPohangnalﬁdedet ect ed
using a secondary anti that aﬁgL I n gener t he secondary

ant i body IY8O4BR PR 1ge f Ptl P%’EPIF?@Z -$hu ntog@.netﬁfgﬁm |Y:%1t FRRRAINLE

particles) that are the size of a VP1 pentamer or smaller. Methods such as centrifugation

and size-exclusion chromatography can be used to perform this purification step. In
25  some embodiments, other methods known in the art, e.g., ion exchange chromatography,
can be used in the preparation of HPVLPs that are larger than a VP1 pentamer. In
general, an HPVLP preparation suitable for use in an assay will contain at least 20%
HPVLPs, at least 25% HPVLPs, at least 40% HPVLPs, at least 60% HPVLPs, at least
65% HPVLPs, at least 70% HPVLPs, at least 80% HPVLPs, at least 85% HPVLPs, at
30  least 90% HPVLPs, at least 95% HPVLPs, or at least 99% HPVPLs compared to non-
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achi eved by neasuring the degree of color generated, e.g., using a visible
spectra spectrophotoneter. Exanple 2 illustrates a nethod of

per form ngotzhe/@s®ay and those in the art wi Il underst ardTiusat11920882abl e
nodi fications can be made. 5In one enbodi ment, the assay is perforned in a
medi cal office, such as by a healthcare provider, e.g., a doctor, a nurse
or a technician, working in a facility where the biol ogical sanple is
obtained froma patient. In another enbodi ment, the biol ogi cal sanple

obt ai ned f;r ' ' i ., to a
third parIQﬂ?ZQ?P?%éGgéhgfg&?ﬁg%ggég%qP§%Bg@%%?%ég%aﬁﬁh#h¥§s é?ter case,

t he resubggregdted domtasing yewanhdefidOVPE poidcattshack to the heal thcare

provi der, such as through a form which can be submitted by nail or
electronically (e.g., through facsimle or e-mail) or through an on-1line
dat abase. In engpepodi ment, the results of the assay (including the
screeni ng assay and, optionally, a confirmatory assay) can be stored in a
dat ab2se and dénibentorpoyeks netlwds ofhndhysas thatenoploy Eeut peintdy taseduae ough t he

| dwi d b. 15 S dary..T . f l e, when th
Fovel of TR RS T B0 A PRY AR (T rcat POiRS A aengiest e AR fom Soner
or "indetif HPVBP Qs €. 2., & dtect NJVraﬁtibédiéﬁn@qﬁﬁb%%mqmbr@,tavtefh%e& fos |imted

certainty re&ardi ng the presence or absence of J anti body, a secondary 20
test (al s¥ampledhatwepn @iptiepteitest samples andrmnuliiptetreplicates {foy exarpples gideashnpl e i s
enpl oyed Q . [ { bi ol ogi cal sanple are
used. ThéW ’iaﬁé‘%agtﬁfé)a%%g%gr%é% e}&rﬁ?%el’phfg%&u?ecoﬁﬁ&[%fan%leiessgay by preincubating the
sanplie in thepoeseision of amasay atvotdieg td the podsertiiavention, rasubs fropdindiialt | me
(e.g., for 30 mnutes, one hour, or |onger such as overnight at, _4C) The

second aMiq{ldt Soreenecasamigde r E&#Sféasﬁm vill capse adee 45mply 'pPeriiebied fhg t he
25 sanpl %abiﬁggpﬁoﬂ{a@ﬁ%m-%e&ﬂfé\&ﬁibm@%&rggthg\%omﬁlg{e. PRS2 uﬁaeﬁtdn%f( e.g.,

for 30 m nut or o hour™ or 1 onger iquots are then used in
t he HPVLFkheas swmy classifik@sions, ltisoh the sanple valh de stilgectebiogpnsupplenehtal he sanple to

JCV anti bo sitive aor antibody n tive js nmade, .|f results
Tor the 2PTamBRth AetE . br S bubRY Rigt Bt BFESHL in RGBT HA0 e
firsgsal iaﬁbld?Tfeainﬁl@&' RAhe GnviintiBn R4S fHRAR ah BsthBIBhBA 168Y (. 3RO )5, € 0.1) will
approximately the 30 sane OD), then the sanple is interpreted to be

negat i ve bpglastified gy lecldng ECYrspgaiic gpiadigscan pirsghatprovide a prsulidnty resul ts

I b Lo 8.y | 2 . h
o1 ELae Bl T AR PRk POBAZ ORI BB el

f eat ur ed positivéforiJCWespecitie antibddies. | Santpdss tAatsivaw diratly falbintd sneadfskeseef er r ed

to herein as_a "two-step test” or a "two-step.assay."
. 'ﬁcation\s,\?e. g., 0.1 <OD450 <0.25) can be teste?i ina cogﬁrmatory assay.

classi

20 In one embodiment, the confirmatory assay requires a pre-incubation step, where
the test sample is pre-incubated with buffer (or other suitable solution) control or with
HPVLPs (in buffer or other suitable solution) to pre-adsorb JCV-specific antibodies prior
to analysis in an HPVLP ELISA, as described in further detail below. After
pre-incubation with HPVLP if the reaction in the primary assay decreases by less than

25  40% compared to buffer control, then the sample is interpreted to be negative for the
presence of JCV-specific antibodies. If the results show a >40% reduction in reaction
compared to buffer control in the primary assay after pre-incubation with HPVLP then
the sample is interpreted to contain JCV specific antibodies. In some embodiments, only
the confirmatory assay is performed.

30 An example of a method for selecting and verifying suitable cut points is provided

in Example 4.
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5 Reporting of Assay Results I n sone enbodi nents, the assay includes a
read out that can be a level (e.g., OD) relative to a reference or a read
out that wean/mymbuati on of whether the sanple is posi PCYAS201@egai88¥e, or
indeterm nate for the presence of JCV antibodies. In sone enbodi nents, a 10
kit is provided that includes at | east HPVLP and optionally, other
conponents for an assay. For exanple, the kit can include assay positive
and negative controls, buffers and substrates (e.g., mcrotiter plates) for
preparing the tools to performthe primary ELI SA assay, and the secondary
confirmation assay. The kit can include, e.g., solvents or buffers,
controls, a st&bifidlger, a preservative, a secondary antibody, e.g., an

anti-HRP 15ant, hod I and det gct i rea . The HPVLP can be
provi ded in ar‘%/n & t?éleg&%d_ S,ubrg'ir%ﬁlcﬁf,l g%iﬁ%&?“i’%ﬁ"&rﬁ =16 i Wﬁ;oﬂaﬁpm‘ezed form
or in a feabadintntss ther saBratdlisa hicesRer (a0 ki, 896-wdll SlalFa SROdbER bEa
prepared HPVLPs are pelleted and stored in a sem-solid form Typically,
HPVLP2 arcelugigFhgeubstratecandiersuitable forcheqrapganic onghemilpminescans detectmovi ded i n
a liqui dn?é?lll&q'si on, the liquid solution generally is an aqueous sol ution,
e.g., a sterile aqueous solution. Wien the HPVLP is provided as a dried
form reconstitution generally is acconplished by the addition of a

sui tabl e solvent. The solvent, e.g., sterile buffer, can optionally be
provided in tHéSRit. The kit can include one or nore containers for the
coNposi tion CokAshird\ehndRctir ¥ 984ih2 2 dI16REANRABI 81 sabtfafPinGt ﬁﬁ%ea%e in the
assay or with instructions for dilution for use in the assay. In sone
enmbodf mewoated with akiHP Cloh ard detectehusing methods bnoven & thelasti dregeneeal, <sokidar t ment s

for the HPVLP and assay c onent a e i nformational terial.. For
exanpl e, Ig?sr?ep I ué%%suﬁg gg 8 FHl‘é‘iOﬁECa P rfﬁe QQBWPEQ g‘% O eg]ap 1a§§(fﬁ‘ﬂ\égh

i nf or mat ioghed forfatsairodn if @i AEcHBY RedCTh dotnPeribRBrhbsts ThEBNEo gl PAGHET . I N
ot her enbodi nents, the 30 separate elenments of the kit are contained within
a si ngl ejs dilded prido ¥smmanRssay. For exanpl e, an HPVLP conposition is
contained in . V] tach her . the informational
material in t?i%Q%a?%&gﬁ&g}qeg%éﬁ%g%%sﬁpggnn%g?a o%%ﬂ%lﬁﬁlsn?g?h%mkmasf%cl udes a

pl urabi t YELESA). Breadipakg methodngbivalitiatludeydoatingthe . subdeke Wl taitileng one or
nore unit for msﬁléeﬁ @or use. w th one assay%_ of HPVLP. For exanple, the
kit incl @hdgensuph as HPVLE, meubgtivgsamele qoglainipg Wé’c%,anBPOfBPﬁ difesteddacks, each

cont ai i RetAreTbalne wiShihg 9 reﬁ%%%oﬁ%he%ﬁ@alg ﬂoﬂn@ﬁ}?&ﬁe%,e drlﬁté}ﬁng g I rmatory

assay. The containers of "the kits cah be ar'r tig and/ or wat erproof. The
cont ai nebowahinpeulextvaipdekes.on g ubpa chromogkmic on cheembwnlinesernt assdye kit can

i ncl ude informational terial fo rform.ng and,i nterpreti he assay.
I n anot hgqll"%&fcﬁqélﬁﬁraq? ofyce 2 S ﬁf’rgﬁ?S’%‘fHé’d&%i Hﬁﬁbéaﬁge ﬁ?}e%‘g%‘é& to report
the pesuleas@éd viealBsEaYith Bielise of HspecirbSittoBattr. CCRnSundihedted subaah&

provi der. The . . .
produce light, which can be measured using a luminometer.

Coating a plate with HPVLP generally includes incubating the solid substrate
(such as wells of a microtiter plate) with a solution of HPVLP at a suitable concentration
(e.g., 1 pg/ml), either overnight or for a specified number of hours. The HPVLP can

25 include VP1 as the only JCV viral component, or the HPVLP can be a heterologous

particle, that contains at least one of VP2 or VP3 per particle or at least one each of VP2
and VP3 per particle. After coating with the HPVLP, the wells of the plate are washed.
The substrate is then “coated” with a nonspecific protein that is antigenically neutral with
regard to the samples to be tested. Suitable coating materials are known in the art and

30  include bovine serum albumin (BSA), casein or solutions of milk powder.
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10 kit can include forns for reporting the results of an HPVLP assay

descri bed herein, and address and contact information regardi ng where to
send suchwbapnmssicoot her related i nformation; or a URL @UmiUSes1voRssour ce
Locator) address for reporting the results in an online database or an
online application (e.g., an app). In another enbodinent, the informational
mat eri al can include gui dance regardi ng whether a patient should receive 15
treatment with an i nmunonodul atory drug, depending on the results of the
assay. A inits
form In mny@ggéelg}fﬂg E%flé gérlrsré g#ﬁ ﬂ{eélgga}rgd gLﬁ)S{.r?telQl ﬁzsl ljrdl?g?ftlg)ﬁ% i's
provi ded effactprito pemhmedmplbx famgtion AIPYLAUEY drgibbdy)dthasiforeninga dbaid

phot ograph, e.g., a.lab r i nt ed sheet . wever, .t info tional

mat er i al CERAICK] ?&@9@%9@%@@3@ FOTBRIRE IS RBHORE umg&eiﬁba@ﬁ H{a yehat@Rdabl e
20 mater , m,dl V&m odi nent ,

the inf olrbﬁn%lttlogllrl]]g%ﬁﬁa%t eri alﬂg?né?ﬂeﬁlﬁﬁ&llegﬁg@[ﬁ?%ct |d§&gﬁlﬂn§%l§kgl;1 Gagibg a

physi $al haohdn és@ and hail Ixashin@ws:s welessdyegandie pbébspﬁbmmgmmbma,rymhere a user
of the kit .can, obt.ain stantive information about HPVP assay and/or its
use in t (ARG OIEI@':‘? fred herein. O course, the informational material

can al so be pm&asﬂcelsam ®Ycaf BRI ARl tﬁxfloéleﬂrfﬁétalalzégnpﬁa@ﬁa fpladi nents,
rOV|ded to an assay provid ., a service

a bi ol ogi cal le is

provi der u(lgam C%) asoﬂamf Hopaantipdivisiepl knoyn tgrbe anfh@tad w@dﬁewmsd)@s@ﬂeqn who

eval uat e a [ e, in
ore ot dhe BEeneERe Sy Il P SRR o BB Gl FlkpPodiBR. Altbrercile BN °

subj g¢ot, uswcrb estabhshthaassay ct jaaet sach ﬁﬁfmmfsleemigauvafuﬂe efht ughpss idie sanpl e
usi ng an assay descri bed herein, and determ nes that the 30 sanple contains
JCV ant i BEdtea shanmiva 3a($say provi der e.g., a serV| ce provider or healthcare

provi der, cancllﬂgﬁ j kioh® ﬁ%?a‘i Ldsk for PM..
The assay provi rgcan #hg ﬁf?l eJB[ﬁerrl%vEdgﬁﬁ% Eelosugfect is not a

candi dat eonditiomciaiwhach theaeagemts hwvd Hmeamlﬂutedﬂmmdndub@dkgrqundtan&h pewiden anti - VLA
t herapy, such a al.i z or that .the s ect is. andi date t.0 receive
t r eat ment® axlfjélo’t”ﬁ iﬁ fﬁﬁ?ﬁb W&P’a‘taosrpem%ﬁ‘ti baf?fﬂ?tﬁﬁ?ré“\ﬁ}‘]l% AR08 TERHER c ed
noni §9r i RGadples, %Hﬁﬁbﬁéjth’apmé‘luﬁé' Esacbhmgatb%uﬁefearsahmqb tortfBhave JCV

anti bodi es. For exanple, the candidate will be exam ned nore frequently for
t he develcglpmmmgBWefadverse syrrptoms such as synptons that may indicate the
devel opment Of“éu%"ble” condm Hs 219§ inc econ(ﬁﬂ ns tthhfe g?ﬁ?@g@) Pa\fl!lrg%;l /%?E‘Jr%r s an
assay descri be erei RN e M es ) not ave

det ect ablperidddf @it shifidicasto allow cistye Pindingd emcubaudmraw@qawdﬁy €rom alesit t hat
the subject is a candidate to receive treatnent with an irnnunonodul at or,

such as 1988 & IR 0Tl nedR oot MeRmperalEesA SRPIOSHBAIPINES ¢ 1 & frs Ok

heal Rhcar, s with the

i m‘rut%grmé%\yg({ g%Ueﬂﬁ%}g%P Outég&r:(%il tlilﬁi wgeQ/IE% a ﬁfﬁ?lggieﬁ@ qm}t%g&tlagr}l&ru%ﬁ%gﬁ%tl ator. The
assay pr @unﬁaonmmybemuiabk the results of the evaluation, and optionally,

15 conclusions re dlng one or re of dla 03|s r.ognosi s

appropriate tﬁ’é alpPg gﬁgorgawasg%rar%mptg atVWSQF‘f%Bg‘F%@% %ﬂ’/ﬁhgr or
patient, a@day a'AﬁIpftﬁﬂfaW@sth@mﬂy 1nclu'ae AMer Butedles. [FBIBL PBS/‘I%eﬁﬁmby mai |

or el ectronl cal or through an online database. ‘The i nformation collected
and prowbdmﬂebbyffftrhe assay provider can be stored in a database. 20The

| nvention is AULLACK fd4RbESE SFhRBod old'th PHID BRBLES uiifl ON Shoul d

not

methods well known in the art. In general, such methods are based on the detection of a
label or marker, such as a radioactive, fluorescent, biological or enzymatic tag. U.S.
patents concerning the use of such labels include, for example, U.S. Pat. Nos. 3,817,837,
3,850,752; 3,939,350; 3,996,345; 4,277,437; 4,275,149 and 4,366,241. In general, the
30  detection of JCV antibody binding is detected using a secondary antibody that is labeled.

In general, the secondary antibody is specific for detecting human IgG. Quantification is
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be construed as further limting. EXAVPLES Exanple 1: Synthesis and
Purification of H ghly Purified VP1 Particles 25HPVLPs consisting of JCV
or BKV cawei2diipmssicei n VP1 were produced in SF9 insect celCraisteiansdsezt ed

wi th a reconbi nant baculovirus. In the case of JCV VP1 contai ning
particles, reconbi nant bacul ovirus was transforned with a nucleic acid
expressing VP1 fromthe Mad-1 strain of JCV. The reconbi nant VLP was
harvested prior to cell lysis and was purified by differential
ultracentrifugation, detergent shing 30and ultrafiltration,

B ef |y, EEUa0 Paisefife BetEaes S Flop P ikt BB UERIS FREE days post

i nf ecti oRpédropBotbidetedgat i on at 3000 x G and stored frozen until
purification of HPVLPs. Purification was performed using about 100 grams of
frozen cel|l pédixample 2 iflvaries @ wiethodwé perforymiag thepsspandithese iPBS astiypl ement ed
with 0.1 B o7 |1 i srupted by passing the cell
suspensi on rv%‘ﬁ?ﬁ“o‘%@‘%‘“ﬁbgﬁﬁGﬁ%ﬁégfélgﬂﬁcrof| uidizer(r). Cell debris was
renmoved by pellhehé agbadim3A)herasSayfie berformivdrit ta@sediddl offidepaichak dpta vol unme was
adjusted to 720 m with PBS-C and | oaded ontg 5 m _40% sucr.ose cushi ons.
HPVLPs wdealthegieqaoyiden e€e @ doRiop s atgehnigan,cvarkingris aifacility sviyege thst or  at

100, 000X G: : t : i: CaCl2 and
then 1 edikical sy oBafl T n AdicrE B fshier EESUSARAS e bRl (2002 R
addi t i on safipl dtdiadifram pplatemns @anspbttéd ©. ahothek Cailitp, £ @7 tola thirdpary 4C.

Pr eci pitafteg maberi | was. rempved blg}éc.entrifu ation at %3%80 x Gfor 15

mi nut es, T4HBYy Bhged %@S%lﬁé’reﬁgff’é‘?ﬁ S LHIGE 63T BEETUUN AT BSPFEY c@%Ehanged by
ul trabi | tE@dricamabioqtOReAhbab ptRider, sl 20 BRoMICORINhARGah W KhibRReg) - The

concentrat'ed VLPs were applied to the.c_ent er of a 25-40% step gradient 15
of Opti proypmal ¢rSileptmonicslly (d.guihsqugbidhcsimile baertwd) at tht@EhG@®Ngliteor 17 hours

ina Typ .2 rotor, VLR bands wer | | ecte nd then concentrated and
bt fer” oxeRRGedR PR SRUMHREDh e e R Gt B v piiins U5 erBREE 98 o880 oo
(ol ecul aptivdlgha cenfirmtaid aémﬂbéaﬁ%- stotB@ it BQEmsE ah@ehn i LcéRbd bpg filtered
through a 0.22 | a PES (polyethersulfone) filter and stored at 4C. VLPs

pr epar ed healthcarepropider, puchas threuglp theyayldvgdesieBi n. VLP quality is general |y
detergi ned by gel el ectrophoresis and el ectron nicroscopy. To
denature the VLPs for protein determ nation, EDTA, DTT and SDS were added
to final concdeterabiofstof 2mM 2mM and 2% respectively. The concentration

of the fully denatured otei n was determ.n usi ng. t he Pierce.BCA

(bi ci nchoni ni na%tpayaszsﬁé%%zvmplw enﬁ%%legﬁa?ggi?’ysan&@w In vt Gpdesi s, a
suf fi ci entdeighta® “dfuiicBzofePOr 4iRdeterhiflat® Zohdt 8k, Wheksit Ik dasmiRAdRE ON
precast 4%to 20% pol yacryl am de gels (NO VEX, San Diego, CA) by using a
NuPAGES rtherp rsdnmm@&emtamé:s trighushi g thg preseBRSriahsdnee 08YSY entibody, a secondary

20  test (also referred to herein as a “confirmatory assay”) of the sample is employed. For

the secondary test, two aliquots of a biological sample are used. The first is prepared
prior to use in the assay by preincubating the sample in the presence of assay buffer in
solution for a period of time (e.g., for 30 minutes, one hour, or longer such as overnight at
4°C). The second aliquot is prepared prior to use in the assay by preincubating the

25  sample in the presence of HPVLP in solution for a period of time (e.g., for 30 minutes, or
one hour or longer). The two aliquots are then used in the HPVLP assay as described
herein, and the assignment of the sample to JCV antibody positive or antibody negative is
made. If the assay results for the aliquot incubated with HPVLP in solution is the same
as for the first aliquot incubated with buffer in the primary assay (i.e., approximately the

30  same OD), then the sample is interpreted to be negative for the presence of JCV-specific
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(I'nvitrogen, Carlsbad, CA). The gels were el ectrophoresed at a constant
current of 30 70 rnA/gel to 80 mA/gel for 30 mnutes. Protein bands were
fixed w twoR020ase3chanol and 10% acetic acid in distill e#CratSer11anas$32
visualized with a commercial colloidal Coonassie blue reagent (Invitrogen)
according to the recomendati ons of the manufacturer. VLPs were eval uated
using el ectron mcroscopy. VLP sanples were placed on carbon grids, briefly
washed in water and negatively stained with uranyl acetate and 5 allowed to

dry. Th # i d d i . T i Tm 02 iLri Bi oT WN TEM
an al t or Aes B BBy el PrePRET F D@k SRR (T obuRPséobafe, ot
Exanpl e 4ssaff) BeatRé Sandple RMiebbréRE itd 66btaiAIEAYspecific antibodi€dlsi tive assay for

anti-JCV anti bodi es was devel oped using the HPVLPs descrjbed herein and is

referred to héwmedspry fsatures ipdhe Byentiongbelividinessa spsondary vt is alsegefprred §o an
exanpl e ?lgrewgsaa‘_s[%yﬁ@%gm%kL“{@oc_gtg 'h{sg%”pl ates were prepared by adding a
n a r

sol ution“contai ni ng a concen tion of 1 p,g/nl and incubating the
pl at esovernight at 15 4C. The wells were rinsed with diluent buffer and

t hen bl ocked for one hour at roomtenperature with Casein Bl ocking Buffer
and rinsed wi REPHIgAASIHeEYES The assay control s and serum or plasna

sanpl es were gl é’Qmﬂ)c')cﬁQ% .s[‘th@§§|§¥ éﬂ‘%{l&@%trf%drr & tﬂaitlﬁHﬁ 8 a 3QRPLSS, @D

controls were added to wells” an ate one hour at roomtenperature
and was heelativet th adiefenet obafdadrout et Hcnicyaluanen pEwhahersbie senplg isdmsitivg,

anti - human- HRP 2Q_anti ho 1.gG) , whic ded to the wells and

i ncubat ecﬁ‘e%attw?o?frﬂl&émpég G‘Sretﬂ? ToSTIE oﬁéﬁ?fangg%cﬁg%_ I\C'i)%éPlélete 9REKEd and T™VB
(3, 3105, Xitik phovaldatihbt ildidds 4t Radt W R and M RARY AherlBfpondADfdaggo, CA)
was added. Arter a developnent for a time suitable to permt color to

devel op @ssaguForexampetthekit cathinclude a3sap positive andopagativepanirols, uffprsend  and

h bsc : . .- i '
Sanph os wara s (g PeBHle! Bl E R pro B TncooRE bt AR RARY EISSA ™

descri bedsdag| M tHs kerdnddie cOhlitmition absayddhekiticas ihchwie] & g., solvents or | n
secondar (ywt esting, if unknown sanples produced greater than 40%conpetitive
i nhi bi t | GHLErs, AMils 8 sPeLPPreseTvatiEe) | a fereularst #Eibedyns & WA-JRE] der ed

ﬁ%/;tllgjg}épt’igomé@j M a dé%.cftilan?eﬂ‘&(g?ﬂ. nhi biti on being scored as JCV- (JCV
The HPVLP can be provided in any form, e.g., liquid, dried, semi-dried, or
lyophilized form, or in a form for storage in a frozen condition. In some embodiments,
prepared HPVLPs are pelleted and stored in a semi-solid form.
Typically, HPVLPs are provided in a form that is sterile. When HPVLP is
20 provided in a liquid solution, the liquid solution generally is an aqueous solution, e.g., a
sterile aqueous solution. When the HPVLP is provided as a dried form, reconstitution
generally is accomplished by the addition of a suitable solvent. The solvent, e.g., sterile
buffer, can optionally be provided in the kit.
The kit can include one or more containers for the composition containing
25 HPVLPs in a concentration suitable for use vin the assay or with instructions for dilution
for use in the assay. In some embodiments, the kit contains separate containers, dividers
or compartments for the HPVLP and assay components, and the informational material.
For example, the HPVLPs can be contained in a bottle or vial, and the informational
material can be contained in a plastic sleeve or packet. In other embodiments, the
30 separate elements of the kit are contained within a single, undivided container. For

example, an HPVLP composition is contained in a bottle or vial that has attached thereto
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Initially, sanples with OD values greater than the cut point OD (nmean
Negative Control OD x 1.23) were defined as positive for the presence of
JCV ant i bwoizesl/08ddeer eas sanples with OD val ues equal toPcoI/UsSess/oedsan t he
cut point OD were defined as negative. Controls used in the assay were

sel ected based on target OD and specificity (as determned in the secondary
confirmati on assay for specificity (described infra) and included Positive
Control 1, which was pool ed donor sera with high reactivity in the assay

defi ned .as, :navi . ut 87 paCifi.ci
et o0 % A58 U By Rl S R L s
sera w t pliralgfe.peaphekyiof yndividas aytaitets, oadth catalidug oge o heregaifit fokhyal ue of

; : oac € ; .
VEEROR RGO TR LR T e e R
buffer cqj o 163 ; t : : Ry . 07
(note t hg?ltp'g) ﬁlgs’afglslgéa%ﬁsf P lgylh“ﬂ%ﬁ g%s?%%%.covallﬁjgég lngfpepr OXI%I{(’%E{’/?%%S%S) .
I n sofre @aseseerang ot coafirmatoasasayy. WHs cmtaoers efithekitsharcbe gosight and/osanpl es

were tested at tiple.dilutions, t he highest dilution giving an OD
val ue gr &4{8P%ha h?%@?a;ﬁ_%erﬁfllbﬁ?ﬁ%ﬁ{e%%'dﬁs defined as the JCV IgGtiter.
The assays haygoReaiby@meARif faThélhE REsraRa6hdl ieatéHal RSk fok@ineYand
precision, matrix interference, robustness, and reagent stability. Exanple

3: Secondeiespratimgithe assey. ol avethey epbodimsohheclkit ean pravide guideageyasdo Mbieremat i on

assay (secondary as s.carri t.in.additign t.0 the te escri bed
Supra. 6 Rl AR REl e S0 alshuty B el Wi BB PRl e
wi t h16IPVKR cah inthhde o< o e&poktigt the Resaltd oPargHRV L Pfdssidl desaitrl hethin, whiion =

1:200) for one hour at roomtenperature prior to use in the assay. Control
sanpl es wadtess 3 peatasbinformatien jegaising whergig sensk such farms op pseFRldedf HPVLP.

The assa . o) i
hi by ¢ dnfothulfh, bhE DRINMIEER ASEESHELGH Aadse Br roRfiARE iR,
(JCV NADohlin éatavase onaubyd inechppleqtion $9. 2., emapp)ade an@bésbodbnéftethei ncubat ed
sanpl es) ]. ) | f the assay results wer.e the. sanme after e-i.ncubati on
i th but TPrHiqrRl PR g oA Fegtidiy WPERETRPUI Ht RS D)

t henjshe ;2amMRne Wi SniiMhRMBABHEEdP iR, 3&heR8RBlon\Re feltiltd SahPERGENCE Of
JCV-specific antibodies. If the assazo results were lower after

pr e- i ncubat i o hgiinformpignekmeterial of thekithis notimitdd iryitafray in mehggasehe sanpl e
was i nterpreted t.o gontain JCV-speci fic_ antibadies, le 4: .

Sor coni noRBHEmAhG e SRl o PR ont: S PRV PR XRBE & ia prigied o
(JCV ant ithad§taivil andieSphotoiirarhy 6.8( adsbed of Phintsdl elecdSHawever, the

informational material can also be provided in other formats, such as computer readable

20  material, video recording, or audio recording. In another embodiment, the informational
material of the kit is contact information, e.g., a physical address, email address, website,
or telephone number, where a user of the kit can obtain substantive information about
HPVP assay and/or its use in the methods described herein. Of course, the informational
material can also be provided in any combination of formats.

25 In some embodiments, a biological sample is provided to an assay provider, e.g., a
service provider (such as a third party facility) or a healthcare provider, who evaluates the
sample in an assay and provides a read out. For example, in one embodiment, an assay
provider receives a biological sample from a subject, such as a plasma, blood or serum
sample, and evaluates the sample using an assay described herein, and determines that the

30 sample contains JCV antibodies. The assay provider, e.g., a service provider or

healthcare provider, can then conclude that the subject is at increased risk for PML. The
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screeni ng ELI SA and a suppl enmental confirmation ELI SA (secondary assay).

For conparison of results between assay plates, assay runs, and anal ysts,
sanpl e r e80I2061/08836¢ nornalized to the optical density (©@DFAGRonabkess2 of the
positive control on the plate and reported as nornalized 0D450 as descri bed
bel ow. 10To inplenent the utility of the HPVP assay, cut points were
derived using a Wei bull three conponent m xture-distribution nodel. In

t hese determ nations, the follow ng defi nitions were used: Screeni ng assay

normal i zed OD S -Qr 15Avera e
(sanpl e_&5%48p1 1c£e£ &wgﬁa%nﬂnggjé Sﬁbggﬁg%ggacg‘%dldﬁ#atw ' Yepl i cat gs) =
1. 20 Nor pehtneatiwdian 6RinunoRdablated, subl bs dentlCWIA theBipy, CEith\S§ﬂatahzumab
20Confirmati on assay % i nhjibition= 100% x (1 conpetition

nonconpe®f thabthe subinghiea caplidate to recgiye fREMEHpYith AR We@ﬁivla%th%ﬁl%u SA,
solubl e hndifadG Héx%den?luat hadHiRORY 20 apb&ﬂ b 1Y LobiatR WhBChdismAga At IV

I n sanpl es prior o eva e screening ELIS
Resul §s wehsved@\CatitioditsaFopeiaatid, t]nenntunkildlateamlltbc atanmemm@cequueﬂbfes in 25

reactivity in the screen ELI SA after .the sanples were, sorbed with
HPVLP | oA BFYaTesont SbpNbrse BYRIATRD 4 FOBBE HOVE Y ERAIBa: ed

sanpl es) de&cﬁéfg;ﬁ‘ﬁ@rﬁ%fpww buf fer incubated sanples)]. Fal se positive
and fal se negative rates were defined as follows. The fal se negative rate

i s the propor tih one ehbodiment] (hevassaysmpwdclt performanphessy deseribed berdl@taéldm ned to
e 201! DO RSB XSRS, AT TSREICTRRTPNUYS 1Lt Dot
gglt 'n ?92 : ggrrﬂﬁ? ﬁ%@hﬁfn@h ﬂﬁdtﬁéssw]@cttlba candillatd /rcBEiv € aBitARhewih an mat i on cut

immunomodulator, such as natalizumab. In one embodiment, the assay provider informs

a healthcare provider that the subject is a candidate for treatment with the

immunomodulator, and the candidate is administered the immunomodulator.

The assay provider can provide the results of the evaluation, and optionally,
15  conclusions regarding one or more of diagnosis, prognosis, or appropriate therapy options
to, for example, a healthcare provider, or patient, or an insurance company, in any

suitable format, such as by mail or electronically, or through an online database. The

information collected and provided by the assay provider can be stored in a database.

20 The invention is further illustrated by the following examples, which should not

be construed as further limiting.

EXAMPLES
Example 1: Synthesis and Purification of Highly Purified VP1 Particles
25 HPVLPs consisting of JCV or BKV capsid protein VP1 were produced in SF9
insect cells transfected with a recombinant baculovirus. In the case of JCV VP1
containing particles, recombinant baculovirus was transformed with a nucleic acid
expressing VP1 from the Mad-1 strain of JCV. The recombinant VLP was harvested
prior to cell lysis and was purified by differential ultracentrifugation, detergent washing

30 and ultrafiltration.
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Data were anal yzed using SAS v9. Data not denonstrating a normnal
distribution 5 were anal yzed by the Mann-Witney U test. Categorical data
wer e analwyoediwssisg Pearson's x2 test or Fisher's exact PCgdiS2aepeesd: ng on
the sanple size. Pearson's correlation coefficient was used to asses the
rel ati onshi p between nOD450 and urinary JCV DNA |levels. Al tests were
two-si ded at an al pha | evel of 0.05. Confidence limts for the

seropreval ence and fal se-negative rates were obtained by the bootstrap

percentile 10 ho L 00 boptstra 4 Ser ol ogl cal
Renot 1 vi ty o BeR: bachlohieh® it el edn sl o bR b o

det ect amyiceddfigafibh B@@O@Sx G%N@to@&ifr@i&h%nﬁﬂﬁﬂﬁkaﬁ&@dﬂHPViPBr eI ' m nar y

eval uation of the potential clinical utility of the 15assay for PM risk

stratifi ®atifiegtionTwasgieaionvednsingakowt |1%em@§ms@selh@dletssi awi¢deealisous

ana non- PP NERE 30 B et ey TR GRS PRST A9 eligene™ =1 o

1 ook OB RESb beIMORSLH Scbisl SO roukl HSTicRRRALL DAL AN >

Applicant's rea a oulal true

i ndi vi dude#l debnmszﬁmdeemNﬁqglaﬂ 8D0@xl03’foli135 Qimﬁt@s.uflﬁ)epﬂ@btﬂamt
i ndi vi dual | evel s (coll ect ed in the STRATA

(natal iz dﬂé’&ier‘é@srﬁdw%‘i‘f ferﬁefmldf&%h RB$-(cprdhioadad qute & ml 0% srceese clglpens.
det er mi negbyyp A Gy %maeg)ehétx@ﬂ{r&?éh th%gi?cr@s%l aa%aﬂéﬁ W?rétsﬁﬁtf%mobq gPCR)

assay (ViraCor Laboratories, Lee s uantitation
of 500 cdqiekdurs. 'ﬁhﬂjHEVIIjPrpeﬂletsfwaﬂeresuspendndthHS Caﬁlzasd tHen t%féldem&ntl -Jev

1 omt 804 070 iuRtndli o Bl B2 GeReR By g setcip ISRty ant s

ant i bodi @ﬁﬁ)}ilélnémé&{vﬁﬁm NaMEChEH HP1 dedet m@ePﬁéaﬁ)lﬁteatrﬁdtQﬁﬁl R réhoved
serol ogi cal responses. The assa%/ijresul ts by urinary DNA status showed the

pr esence byfcentpidugstien ahWOngGﬁem ingnuitese Therasultiag isepesnagdnt Y@y con@ntratgdt i vi ty

(FIG 1) v f i.ve MS
patients a‘(‘%gﬁfﬁ%q"%ﬁ%%@é? u\llztlgasﬁ “sr"i‘q%?\‘u *'mé‘gnta IP;%?L °“g%§®/9 @Qﬁ“&@o‘ﬁ‘%}%

ur onegat i(vellipbrepaThe dreeftiEd GO Ps werelapblied ﬁDth@ Q&ﬁter AR NA0UW AEOSlalliene

pati ent s? wed assa reactivity below a nQD4 of 0.10. Therefore, a | ower

assay? cu! PBHREPIA SR LepiedME) and barisd gt 155) 0Qfhe fozi 1 hores iBpi r i cal
fal se- ”e@fgbé ¥6 2118iof. VIp BE&?ds’W&é‘EézlYe%te%l%ﬂ 1o 9&%%@@%8% Péx% %ﬁ% no
I serol ogi ca

det ect ab JCV DNA in the urine (uronegatives eactivity
sim | ar tman Aaticarf sturedpel i(MiNiporea tiithrat 300, IDOS W C@ ¢mblesular weiphheitsifhnt wi t h

(e Sssurpon, L L OE AL B LS Bl bl (o cetect ol
Ser ol ogi ¢adlyARdrsWFdng) filter and stored at 4°C. VLPs prepared in this way are termed
20 HPVLPs herein. VLP quality is generally determined by gel electrophoresis and electron
microscopy.

To denature the VLPs for protein determination, EDTA, DTT and SDS were
added to final concentrations of 2mM, 2mM and 2% respectively. The concentration of
the fully denatured protein was determined by using the Pierce BCA (bicinchoninic acid)

25  assay. _

For analysis by gel electrophoresis, a sufficient volume to give 2 pg to 5 ug of
total protein was loaded on precast 4% to 20% polyacrylamide gels NOVEX, San Diego,
CA) by using a NuPAGE® morpholineethanesulfonic acid-SDS buffer system
(Invitrogen, Carlsbad, CA). The gels were electrophoresed at a constant current of

30 70 mA/gel to 80 mA/gel for 30 minutes. Protein bands were fixed with 50% methanol

and 10% acetic acid in distilled water and visualized with a commercial colloidal
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10To address the potential concern that JCV infected patients with | ow

| evel s of viral replication may have | ow serum anti body | evels that are not
det ect ed wo 20hi8smpol ogi cal assay (potential fal se negaPCraspoiiilogos32
correlation between viral |levels and anti body reactivity were exan ned.

FIG 2 shows data fromthe 204 JCV DNA uropositive STRATA patients, and
illustrates that there is no detectable relationship 15 between urinary JCV
DNA | evel s and anti-JCV antibody | evels in sanples with n0OD450 bel ow 0. 60
(Pearson's correlation coefficient = Q.048, p=0.751). .This result holds

{F e ovorf COmasTS bl bR G alEpi) fescaling 19 e e e iOBAASTRATA ot udy
time poi phanuBRALSON' s correlation coefficient = 0.002, p=0.993). At n0OD450>
0.60, a stronger correlation was observed with a higher proportion of serum
sanpl es from iidiswetaavau@ed wiing clectydn BEvoOdRy.c ¥pPesipies avend placddap hi gher
n0OD450 val yes, .consistent, w.th Literature repart .9..,Eqli et al., J.
Moot  orion gsS Hie R RRnd oyt R B bRl ERh L i iy Eie e ve
resul §s allewkd tedry. dUe ghids HBredRERET rdlinagedoh BITREALIDNG2 SPitHioTHEN t O very
|l ow viral |evels. 25Exanple 4(c): Assessnent of BKV-JCV Cross Reactivity
Assi gnmeriEMf & singl e conservative cut-point that controls the

fal se negat | vl lendive AT TP HYLAEINAaPXEIET, BRLGRL] Bhpfcant | bod: es

t hat cross-reac 0ot Rer ' conmon yoma viruses arse positives), such as
ant i - BKV Bxatnplo?li es, whi ch share high identity to JCV in the VP1 capsid
protein. Additionally, such antibody cross-reactivity may occur 30 through
exposure of conserved viral epitopes when the HPVLP is directly coated onto
the Ehl SA pl atggqBREAUSEVE A niiddlig Alsk@ns Wi th BKV and JCV may occur in
humans and it TS not possible to relrably identify patients who have been
i nfected with ABkvsiivd assay fa@vfi-k(é antgmdees ofasclevs spadasotg the HP Vs exam ned

o SRR S L ity LR
| nj ecti onNn gh eRARHIE oP thelaBsa96 R ndciddtdr Plask etk ipRPaddityCiddirdd Johaidh,

followed by three booster injections over a three nonth period. Serum
sanpl es weneinirsHY¥EPrapp cangeatration ¢fdi mgml end Deubstingihe platemviespightant | ser a

f r om, BKV-4. i bij. Al i ffini Ch0 =

1+ 20085000 Cartie 85fls bRREa YU B RAE Shief pflcP R hlThb @l

1: 5, 000) .terpeaturesiie Casdin BidvhinBulterraad einkad With dfedin eaffad alhHe\wssagat a from

one rabbit 10 are shown in FIG 3. .. Because BKV anti bodi es

cr oss- r e£OREYYS @Rd serymer Plasne spples Aergydilutech [ 280 ghassay dibneat. ghlg dijyted he

anti-JCVg gﬁ-){ a.\?nf b&itroR weﬂe%\ﬁ’dé@%%elfs%gtiﬁéﬁ'bﬁ%d 3R Hour S ¥obM té}Hﬁa'Q%{/&ou' d
w a th J to

represent . Inity anti-BKV anti bodi at cross-react w

les t
produce faafl sasheolswith diduepi buffidrs Detdetion was pErfampddensii{gijonkdie argtirhiimen-HR P

JCV- gpeci f]. nt i body. Response. ( Suppl enent al firmation ELI'S To
ai st Aguitehboditiestt SRR wAFEoed P PR Msubrielaisbih e pwaty o one
pot ent i alhoyr, | Pted et thby wasedshd TRAB (3,965, antbirkAsth PibenAdia@y Mtk t i on ELI SA
was devel oped using sol ubl e
(Chromagen, Inc., San Diego, CA) was added. After a development for a time suitable to
permit color to develop (about 20 minutes), the reaction was stopped with 1 N H,SOy,
and the absorbance at 450 nm was read. Levels of anti-JCV antibody in the samples were
25  expressed as OD units. |
The assay was interpreted as described below using the OD units to determine
levels.
In secondary testing, if unknown samples produced greater than 40% competitive

inhibition of binding with HPVLP in solution, the sample was considered JCV+ (JCV
30  positive), with <40% inhibition being scored as JCV- (JCV negative).
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20 HPVLP (secondary assay). JCV-specific higher affinity anti bodies were
expected to be nore effectively conpeted by the soluble antigen, whereas

| ower af fwoizoy/msicobodi es nay detach fromthe conpl exesPlCorusea 1edsh2 t he JCV
antigen in solution and bind to the JCV VLP coated on the ELISA plate. A
subset of 515 serum sanples fromuropositive (n=204) and uronegative
(n=.311) patients was systematically and non-proportionally 25 sanpled for
evaluation in the ELISA after pre-adsorption with either soluble JCV VLP or

assay buffer the r ti m sanp | es. from
ur onegati ve OJHWE%%WP? ﬁ‘g?ﬁ Vﬁl‘?slg}:?afeﬁ@’ #‘%éﬁlpﬁ& m ?g‘?gtiaon
assays aern&’@D@lD $1.98) W¥reSdetiged %ﬁ%ltﬁ& 8¢ the pEdsERBHFICV e{n@iﬁé&lbé/ it heraagr e

hi ghl'y i nhi b| ted by pre-adsorption of antibodies with sol uble JC,\/ whi | e

sanpl es wrmAles Fith @R erkies pqupttp enlessiiban e cutimiridORiwere defined s negative.
tit
Chrongl . comput OBy R8P IREe s Qb EORRR D SRR 4

si gni §i caleterminef o thegacaidatyn@nfitauvi@edssan ﬂoeqﬁciﬁdlt'fy)(déserlﬂéa\inﬁﬁ)'alhﬁ due to
Cross- reaCtHei,déyﬁgwgz’g) i bod| es hot specific to JCV. The djstribution

of the séig} nfral fyguglyies porled denceseraavitoliigh seeetvist inthe def i ned
peaks, | ondi ng
5approx:r[r%§§ta @Sﬁ?éﬁsh%vﬁ%%{g@ {36% ‘%tg}eéée}?l&tolb@ ?ﬁ dﬁ)g é{%fﬁ%%g Igﬁ%s%%(;l Btl on of
ur oposi t iJCY =0 Rosit{vel(@ntoBY, whikke cexitained podied d@dr iserhiviiit oomr teavtititynas

| ected, th t for the confirnati LI SA. Exa 4(e
Iisn:fi ged{{l %%Y %@Fdﬁg%ﬁqﬁw%ggf’to(ﬁgda&?:Ofgg‘lﬁ)n%% 8?&%‘?’;{1?[1%9%{ ht(a )scr eeni ng
and ggnf 's?é@ﬁélgfboﬁﬁﬁr?éﬂswnﬁ revelzans an@ NegatR i@, SAHTE f8s Yodidd dddare”

JCV-specific antibodies is greatly enhanced. In the final analysis, sanples
wi t h n0D48@ With 1gaefiwyy. s1r011arrtotbnéfesmn@rehumgsahasmgamrggoaﬁ wdueef negative for

are cons e ERnaR (TNROR sl AR Puliat 8 et PRSP IERERT ¥ bet veen
nOD val ues 1510 sdxﬁe tasef). a&ﬁraﬁ@h%sscayf\ﬁdﬁ%bndlﬁﬁdﬂﬁ vitich pitbenhmprestvedd ELI SA.

In the confirmation ELI SA, all sanples _exhibiting > 40% inhibition are

cl assi f i deptegat QBQFEIP\@“Y“P}S@H%}‘G hygheﬁdl,],uggn giingean QP vabrergieatesthyatiel i ty of
obseryin i ely 95% Exanple 4(f): JCV

Ser oégy %lu 4‘9‘??9%%&@@\%&9? Ig and Fal se- Negative 20 Rate ~ Based
on the above dhgassayhhgvettiven velidgedefraheincperspebtivd of spEGAdity, pogidiad,i on was
estimated as rgér?%vm th bootstrap determ. Bed 95% confidence limts ranging
from 49. 83! %C[eor(’@g%tnessoa@éfa%eﬁ FBEBB i ty of the screening ELISA
n0OD450 >0.25) + 0.085 (probability of screening ELI SA nOD450 falling

bet ween 0. 10 and 0. 25, and the
Example 3: Secondary Confirmation Assay

20 In some cases, a secondary confirmation assay (secondary assay) was carried out
in addition to the test described supra. In the confirmation assay, samples (plasma or
serum) were incubated with HPVLP (final VLP concentration = 1 pg/mL; final sample
dilution = 1:200) for one hour at room temperature prior to use in the assay. Control
samples were incubated in assay buffer, and not in the presence of HPVLP. The assay

25  was then conducted as described above. A percent nODys inhibition was calculated as:
% inhibition = 100 x [1- (average nOD4sp) (JCV MAD-1 VLP pre-incubated samples) +
(average nODys0) (buffer incubated samples)].

If the assay results were the same after pre-incubation with buffer as in the
primary assay (i.e., approximately the same O.D.), then the sample was interpreted to be

30  negative for the presence of JCV-specific antibodies. If the assay results were lower after
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25 suppl enental confirmation ELI SA % inhibition >40%]. This seropreval ence
cal cul ati on assuned confirmation of anti-JCV anti bodies in equal

proporti one 20f1/msasspl es from uropositive and uronegati vePsmhjSeeiti®2i832 t he nCD
regi on between 0.10 and 0.25. (percent inhibition >40%; this assunption
was supported by a 2-sided Fisher's exact test wwth a p-value of 0.702.

30OF the 204 uropositive patients, five had nOD450 between 0. 10 and 0. 25
and did not confirmas having anti-JCV specific antibodi es (percent

i nhibition <40%. . FI G xanpl e 5: say Val idation Assay

val i dat i @ﬁe-wggb%@Pf%fméﬁ%ws ot ths %ﬁﬁ@ﬂ ay)} hen thepples was ca) | “wher e
per f or mangerPaE AR Rln TOQLPaiing ahfiiodles, and i ntra-assay precision,
specificity, sensitivity 5 and stability of assay reagents and controls
wer e denonstrated. Assay performance paraneters including inter- and

i ntra-assay precision, .specifjcCi sensi ti ui .and st.ability of assay
reagents and Y e ST QR 25 i Pafet ers were eval uat ed
by thsee i ndep@rdeidloghddtesblIEVi dhtiBOay tcll) aBoRMEirs@ i dMVRNstEP HEsaph BT er ent
days using independent preparations of assay controls. For denonstration of
assay spéeiceniag E)ISA @nd a supplementel confispation Bl Aplseeomdarysgayds from heal t hy

vol unt eers or I i re-incubated
wi th either asl:ggfl&gﬁ#rfs g)%l%(f)ge-ggﬁéggtl r%en(d& g%fnél%ﬁeg ’%?%yolﬂg%%}‘ ﬁ%ﬁ){}%‘tgrﬁﬂ VLP in
sol ut i on.redditb wktesmaliaal ©\thd oticabldddyity EORispovalkecofith positvicedn@obon them t s of

i ncubation tinmes for sanple, con}bugate, and substrate addition steps and
di fferentplart%f‘%dﬁpomspl%@ahﬁﬁlgo sagedrsciieddelamal uat ed to 15 denonstrate

consiygt ent asSRYingAGhGR ndiRIPEFRREE VIREES Youl Aifts ke BE AR uated by
determ ni ng percerit recovery 1n sanples spiked wth pre-define

concent r Weibnk tlote comhpaheht mindttirbalistebutamdnddel s i theseglesampai®ons, dix ai ni ng

JCV- speci flilc anti go. ies with varying concentrations of irrelevant human
monoc| ondPUGHRE ISHRELDS WEelSHG| e 6: Deterni nation of JCV Antibody Status in
PM. Patients Pl asma and serum sanp yials) t et s random y
sel ected fromSseening asstynoemplised ORE@D R skRPITD | HFURRSY S 12
patients fromthe Safety of TYSABR Re-dosf o P  BERTUSATES) STRATA) st udy.
STRATA is an qpeBs gl, single-arm nultinational study (North Anerica,
Europe, Australia, and New Zeal and) in which all 25 patients receive

nat allbzumab 300vemagelfyample rQbedqlicates)fu8.60n every 4 weeks for 48 weeks.

Uri ne sanpl es coll ected.acgordi o the STRATA protocol were anal yzed for
t he presence dﬁ‘veﬁa@s’(mlw Eomr(’llr'—lm&eﬁﬁcaﬁfép Eﬁr&g approval of TYSABRI O in
June 2006 to Rehndared Op=8604.20200e were 35 reported cases of PM. on
natal i zumab treatment. In addition, there were 30 three PML cases in the

pre-approval clinical trials of natalizumab (10, 13, 25). Stored sanples

wer e obtained £ ) ny PWM._cases as possible fromtinme points prior to
VO 5033/ obaadEEh Mot Kb

20 Confirmation assay % inhibition= 100%x (1 - competition_ sample _OD

noncompetition _sample _OD

In the supplemental confirmation ELISA, soluble HPVLP was used to pre-adsorb
“high affinity antibodies against JCV in samples prior to evaluation of the samples in the
screening ELISA. Results were calculated as percent inhibition to determine decreases in
25  reactivity in the screening ELISA after the samples were pre-adsorbed with HPVLP
[% inhibition = 100 x [1- (average nOD4s0 HPVLP pre-incubated samples) + (average
nODyso buffer incubated samples)].
False positive and false negative rates were defined as follows. The false negative

rate is the proportion of true JC virus positive samples that are determined to be antibody
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PM. di agnosis (pre-PM.). Plasma or serum sanples were only avail able from
11 natalizumab-treated PM. patients (10 Ms patients and 1 Crohn's patient:
Tabl e 1) .wBanumssmapl es were tested that were obtai ned eoe/useotiloewss2 year s
prior to PML diagnosis. Nearly all of these sanples had been collected from
patients participating in registries or 5clinical studies and were stored
at -70C until analysis. Notably, anti-JCV anti bodies were detected in al

11 patients (100% via the conbination of the serol ogical status screening

ELI SA and the suppl enental confirpmation ELI SA (EIGs,. 6A.and 6B). descri bed
Sbove. - Lok DEe Rp) ThoebnapsiERsels TP diRp of IRy S S

si gni fi caRisby-plshtive (Lo} have JOM HRibBXRE S @flerRliRRDIsingOMe 6RBJ6% Wi th a p-val ue
of 0.002. 10These data indicate that the assay of the present invention can

be used terecring/confirmatine cpreirtirdgorishmhbsence of JCV antibody in subjects as

part of an ov |l _eval | 0RO .ok r 1 P PR e 1.
Sanpl es from ?f?%‘g 3 al%%l:j%éadbl?s{ﬁ}%éa‘f“é(ﬁP a%[p%(fctgfegn Ogigt\%\?%% ﬁa%@lac}lftggﬂg%l ood
sanpl s 1wié hilyded bt itz Magh-Whitidy| (& adst. Soategricabds apfeyanBVzeDugignosi s (dat e)

Nat al i zumab Exposure No. of doses or nmont hsFinal dose | nmunosuppressant Use
TypeDur atiesigon’s x2 test or Fisher’s exact test depending on the sample size. Pearson’s

correlation coefficient was used to asses the relationship between nODysg and urinary

JCV DNA levels. All tests were two-sided at an alpha level of 0.05. Confidence limits

for the seroprevalence and false-negative rates were obtained by the bootstrap percentile
10  method (6) using 10,000 bootstraps.

Example 4(a): Serological Reactivitv to JCV

A study was conducted to establish an assay to detect anti-JCV antibodies in MS
patients and to conduct a preliminary evaluation of the potential clinical utility of the

15  assay for PML risk stratification. To characterize antibody responses against infectious
agents in humans, it was critical to have reference sera frorri both infected and non-
infected individuals. While the asymptomatic nature of JCV infection makes it
impossible to identify “true” negative individuals, Applicants were able to identify a
population of “true” positive individuals by measuring JCV DNA in the urine of

20  “uropositive” individuals.

Urinary JCV DNA levels (collected in the STRATA (natalizumab reinitiation of
dosing) clinical trial protocol) were determined by a quantitative real-time polymerase
chain reaction (g-PCR) assay (ViraCor Laboratories, Lee’s Summit, MO) with a limit of
quantitation of 500 copies/mL and a limit of detection of 50 copies/mL.

25 The anti-JCV antibody status of 831 MS patient serum samples, which included
samples from 204 JCV uropositive patients, was initially evaluated for anti-JCV
antibodies in a screening ELISA to determine the distribution of serological responses.
The assay results by urinary DNA status showed the presence of two overlapping yet
distinct populations of JCV IgG reactivity (FIG. 1). The median level of reactivity for

30 JCV DNA uropositive MS patients (nODyso = 0.895) was significantly higher than for
JCV DNA uronegative MS patients (nODyso = 0.131; p<0.001), and no uropositive
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patient showed assay reactivity below a nODysg of 0.10. Therefore, a lower assay cut
point was established at nOD4sp 0.10, wherein the empirical false-negative rate in the
negative zone was 0%.
Many patients with no detectable JCV DNA in the urine (uronegatives) had
5  serological reactivity similar to that of uropositive patients. These results are consistent
with the assumption that a urine JCV DNA test is likely to fail to detect all JCV infected

individuals.

Example 4(b): Urinary JCV DNA Load and Serological Activity

10 To address the potential concern that JCV infected patients with low levels of

viral replication may have low serum antibody levels that are not detected in the
serological assay (potential false negatives) the correlation between viral levels and
antibody reactivity were examined. FIG. 2 shows data from the 204 JCV DNA
uropositive STRATA patients, and illustrates that there is no detectable relationship

15  between urinary JCV DNA levels and anti-JCV antibody levels in samples with nODys
below 0.60 (Pearson’s correlation coefficient = 0.048, p=0.751). This result holds true
even if the urine and serum were collected at the same STRATA study time point
(Pearson’s correlation coefficient = 0.002, p=0.993). At nOD4s¢> 0.60, a stronger
correlation was observed with a higher proportion of serum samples from individuals

20  with high JCV DNA copies/mL exhibiting higher nODys( values, consistent with
literature reports (e.g., Egli et al., J. Infect. Dis. 199:837-846, 2009). These data suggest
that seronegative results are likely due to an absence of JCV infection, rather than to very

low viral levels.

25 Example 4(c): Assessment of BKV-JCV Cross Reactivity

Assignment of a single conservative cut-point that controls the false-negative rate
at 0% is unlikely to exclude detection of antibodies that cross-react to other common
polyoma viruses (false positives), such as anti-BKV antibodies, which share high identity
to JCV in the VP1 capsid protein. Additionally, such antibody cross-reactivity may occur

30  through exposure of conserved viral epitopes when the HPVLP is directly coated onto the

ELISA plate. Because dual infections with BKV and JCV may occur in humans and it is
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not possible to reliably identify patients who have been infected with BKV and not JCV,
the issue of cross-reactivity was examined in rabbits, a species in which natural infection
with either BKV or JCV cannot occur.

Rabbits were immunized with BKV by subcutaneous injection of proteins in

5  phosphate-buffered éaline without adjuvant, followed by three booster injections over a
three month period. Serum samples were assayed for direct binding to JCV or BKV by
ELISA. Antisera from BKV-immunized rabbits bound BKV VLPs with high affinity
(EC50 = 1:100,000) and cross-reacted with HPVLPs with lower affinity (EC50 =
1:5,000). Pre-immune sera showed no reactivity. Representative data from one rabbit

10 are shown in FIG. 3.

Because BKYV antibodies cross-reacted with JCV, thus producing a false positive
signal in the anti-JCV assay (FIG. 3), low level reactivity against JCV in humans could
represent low affinity anti-BKV antibodies that cross-react with JCV to produce false-
positive signals.

15

Example 4(d): Measuring JCV-Specific Antibody Response (Supplemental

Confirmation ELISA)

To distinguish patients with JCV-specific antibodies from those with potentially

low affinity, cross reactive antibodies, a competition ELISA was developed using soluble

20  HPVLP (secondary assay). JCV-specific higher affinity antibodies were expected to be
more effectively competed by the soluble antigen, whereas lower affinity antibodies may
detach from the complexes formed with the JCV antigen in solution and bind to the JCV
VLP coated on the ELISA plate. A subset of 515 serum samples from uropositive
(n=204) and uronegative (n=311) patients was systematically and non-proportionally

25  sampled for evaluation in the ELISA after pre-adsorption with either soluble JCV VLP or
assay buffer. In FIGs. 4A and 4B, the reactivity of serum samples from uronegative or
uropositive patients in the screening and confirmation assays are shown side by side.
Samples with strong JCV reactivity were highly inhibited by pre-adsorption of antibodies
with soluble JCV, while samples with low levels of JCV antibodies showed differential

30  competition. The antibody responses in most uropositive patients were strongly

- competed (FIG. 4B). These results support the idea that a significant proportion of the
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low serum reactivity to JCV may be due to cross-reactivity of antibodies not specific to
JCV.
The distribution of the serum responses in the confirmation ELISA consisted of
two defined peaks, most optimally separated at 40% inhibition (FIG. 5A) corresponding
5  approximately to the lower 5th percentile of the response distribution of uropositive
samples (FIG. 5B). Therefore, the 40% inhibition level was selected as the cut point for
the confirmation ELISA.

Example 4(¢e): Finalized Two-Step Anti-JCV Serological Assay

10 By combining the screening and confirmation assays, the chance of detecting
samples with “true” JCV-specific antibodies is greatly enhanced. In the final analysis,
samples with nODys values <0.10 in the screening ELISA are considered negative for
JCV antibodies, and those with nODjs¢ values >0.25 in the screening ELISA afe
considered positive for JCV antibodies. Samples with reactivity between nOD values

15  0.10to 0.25 were further tested in the confirmation ELISA. In the confirmation ELISA,
all samples exhibiting > 40% inhibition are classified as positive (FIG. 4). At nODaso
values >0.25 the probability of observing >40% inhibition was approximately 95%.

Example 4(f): JCV Seropositivity in the STRATA Cohort and False-Negative

20 Rate
Based on the above algorithm, the seroprevalence rate in STRATA population

was estimated as 53.6% with bootstrap determined 95% confidence limits ranging from
49.9% to 57.3% [0.536 = 0.451 (probability of the screening ELISA nODys >0.25) +
0.085 (probability of screening ELISA nODys falling between 0.10 and 0.25, and the

25  supplemental confirmation ELISA %-inhibition >40%)]. This seroprevalence calculation
assumed confirmation of anti-JCV antibodies in equal proportions of samples from
uropositive and uronegative subjects in the nOD region between 0.10 and 0.25. (percent
inhibition >40%); this assumption was supported by a 2-sided Fisher’s exact test with a
p-value 0of 0.702. -

30 Of the 204 uropositive patients, five had nODys¢ between 0.10 and 0.25 and did
not confirm as having anti-JCV specific antibodies (percent inhibition <40%; FIG. 4B).
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Example 5: Assay Validation

Assay validation was performed by Focus Diagnostics, Inc. (Cypress, CA), where
performance parameters including inter- and intra-assay precision, specificity, sensitivity
5  and stability of assay reagents and controls were demonstrated. Assay performance
parameters including inter- and intra-assay precision, specificity, sensitivity and stability
of assay reagents and controls was demonstrated. Precision parameters were evaluated
by three independent analysts in both plasma and serum on four different days using
independent preparations of assay controls. For demonstration of assay specificity,

10 ten individual serum and plasma samples from healthy volunteers or MS patients
(TYSABRI® (natalizumab) naive) were pre-incubated with either assay buffer or a
defined concentration of HPVLP or BKV VLP in solution. Robustness was evaluated by
varying the upper and lower limits of incubation times for sample, conjugate, and
substrate addition steps and different lots of HPVLP coating reagent were evaluated to

15  demonstrate consistent assay control performance. Matrix interference was evaluated by
determining percent recovery in samples spiked with pre-defined concentrations of anti-
JCV antibodies and by spiking samples containing JCV-specific antibodies with varying

concentrations of irrelevant human monoclonal antibodies.

20 Example 6: Determination of JCV Antibody Status in PML Patients

Plasma and serum samples (single time-points randomly selected from serial
collections) were obtained from a total of 831 patients from the Safety of TYSABRI Re-
dosing And Treatment (STRATA) study. STRATA is an open-label, single-arm,
multinational study (North America, Europe, Australia, and New Zealand) in which all

25  patients receive natalizumab 300 mg by iﬁtravenous infusion every 4 weeks for 48 weeks.
Urine samples collected according to the STRATA protocol were analyzed for the
presence of JCV DNA.

From the marketing approval of TYSABRI® in June 2006 to February 9, 2010,
there were 35 reported cases of PML on natalizumab treatment. In addition, there were

30  three PML cases in the pre-approval clinical trials of natalizumab (10, 13, 25). Stored

samples were obtained from as many PML cases as possible from time points prior to
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PML diagnosis (pre-PML). Plasma or serum samples were only available from

11 natalizumab-treated PML patients (10 MS patients and 1 Crohn’s patient: Table 1).

Serum samples were tested that were obtained one to three years prior to PML diagnosis.

Nearly all of these samples had been collected from patients participating in registries or

33

5  clinical studies and were stored at -70C° until analysis. Notably, anti-JCV antibodies
were detected in all 11 patients (100%) via the combination of the serological status
screening ELISA and the supplemental confirmation ELISA (FIGs. 6A and 6B) described
above. Using a one-sample Fisher’s exact test, this result was significantly different from
the expected proportion (53.6%) with a p-value of 0.002.
10 These data indicate that the assay of the present invention can be used to
determine the presence or absence of JCV antibody in subjects as part of an overall
evaluation of risk for contracting PML.
Table 1. Samples from 11 natalizumab-treated PML patients who had available blood samples
15  prior to diagnosis.
» Natalizumab Exposure Immunosuppressant Use
PML
Diagnosis | No. of doses
Subject Source Geography (date) or months Final dose Type Duration
- Infliximab 32 months
1 Clinical Study* Belgium Mar 2005 5 doses Jun 2003
Azathioprine 73 months
Clinical Study .
2 (SENTINEL) United States Feb 2005 28 doses Dec 2004 None
Clinical Study . None
3 (SENTINEL) United States Feb 2005 37 doses Jan 2005
4 Post-Marketing Sweden Jul 2008 17 months Jun 2008 None
Clinical Study .
5 (STRATA) Germany Jun 2009 34 doses Apr 2009 Mitoxantrone 11 months
Clinical Study .
6 (STRATA) France Jun 2009 35 doses May 2009 Mitoxantrone 10 months
7 Post-Marketing Sweden Jun 2009 29 months Jun 2009 None
Mitoxantrone 18 months
8 Post-Marketing Switzerland | Aug2009 | 28doses/ 2hs Jun 2009
months Azathioprine 21 months
9 Post-Marketing Switzerland Oct 2009 36 months Sep 2009 Mitoxantrone 4 years
10 Clinical Study | o ) Republic | Oct 2009 44 doses Sep 2009 Azathioprine 3 months

(STRATA)
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*Crohn's Disease; SENTINEL = Safety and Efficacy of Natalizumab in

Conbi nation with Interferon Beta-la in Patients with Rel apsing Remtting
Mul ti pl e Wol2eriossx9 STRATA = Safety of TYSABRI Re- dosi ngCarus20insaisaent ;
gd=4 x day; gwk = 1 x week 5 SENTINEL = Safety and Efficacy of Natalizunab
in Combination with Interferon Beta-la in Patients with Relapsing Remtting
Mul tiple Sclerosis; STRATA = Safety of TYSABRI O Re-dosi ng and Treat nent;
ROW = Rest of W)rld ~qd=4 x day gwk = 1 x week; *Both prior and concurrent

treat_ﬁeﬁ{_ ”M + | M -1.0 Lonot-taidr aal Aata fram ~thay cithi ot o
T ||aL al | Lu |uU LT I_UIIUI cuur Triaa uaatT ™ LI UL A LA OUUJ CULU S

t aki ng an i mruiveisdeingit or Uniied Satea | $00€3PE] YatBdosesi . [e.Sep 390 t | pYlsthosedip| e s Unknown

collected at different tinmes froma single individual). The Tongil tudr nal

dat a i ndi*CahexDitehr] SENNWHIkeSdfe@sdnt Bfficich bfNaflifinabin Qombinaioy wiNAteftradBktaag, t he
HPVLP asdaip Petéents with Relipsiyg Renitiseiultige Sleadsis i TRATA = SaB @ BYSAHRD Bly-dessingtnds, and
t hat JCV Ticgtanantj dsodly dayt eutkis! ¥waski ns rel atively stable (in the absence of de
novo Pnfection). Exanple 7: Alternate JCV VP1-VLP Purification Method This

et hOd I% ﬁ 39(.‘{ fﬁ&c tNgtraﬁE%ﬁlL lg with Interferon Beta-1a in a1ensw1
densi ty- g in@'ﬁtﬁ{ mﬁ%ﬁtsawg Mi@{;j%b&fﬁlg SN DoahoNe ok e

purifi catiow=Rést Lfwks: 1faf viah; +BstR prior Qxﬁ'cbﬁiurreﬂti%atgx@ﬁ%tﬁ St eps in
the prot (ﬂﬁtaizmaa[be | ysi s benzonase t r eat ment, deoxychol ate precipitation,

anmonpum sul fate precipitation and concentratl on/diafiltration, with a
final ion-exchange Stef usi ng TMAE fract ogel . Sf9 cells infected with
JCV-VPL bacul ovengifydinet data ’g‘r@@opthw sphiscts takingep W@wu&?é@rswg alsgi ce

t hr ough I ui was 25
renoved %; &téﬁ’g hs Ighlﬁgnt rﬁﬁjlfoies% lﬁ%cqu&faeﬁg 11?%8r§c§818%rfg ng rlgg%p%i &II th 40

uni ts/ m The rlkzr(gmadma( dBvDuEmamdlthaitpamkEl%ﬁg&)telﬁlmteﬂt dnmury IaNArsheddmg,

t t the d | at itat] t t 2.5
06 Gy AP TR B I brosey S pia e SubAGY Ao Senaratie) CUng. ¢ he
lysaysg V"%ﬁtlbd&%ﬁﬁfénﬁins%aa&vécg @taﬁlehﬁp&e%&ﬂcamé Aovelinfeéidi§. An equal

vol une of 4 M Nad was added to the lysate and” 30 the |ysate
was incubated on ice for 1 hour. Precipitate was rermved by | ow speed '

centrifugatio h uper nat e | w th 40% amoni um
sulfate to re:%%gl \,u’atgl A \}*}59 ur%r 0% was achi eved by
using 232 g sqlmﬁnammmmi ieadf%nrhﬁérdah{'@fotﬁé solution. Wiile mxing the
solution gently at 4C, ammoni um sul fate was added one fifth at a tine,

al | owi ng densty- gradient/ Whacestrifngationyrethegd described above for the purification of JCV
20  VPI1-VLP’s from insect cells. The general steps in the protocol are lysis, benzonase

treatment, deoxycholate precipitation, ammonium sulfate precipitation and
concentration/diafiltration, with a final ion-exchange step using TMAE fractogel.
S19 cells infected with JCV-VP1 baculovirus were lysed in PBS, 0.1 mM CacCl,
by passing twice through a microfluidizer cell disrupter at 5,000 psi. Cell debris was
25 removed by low speed centrifugation and the supernatant treated with 40 units/ml
Benzonase (EMD Biosciences 71206-3) for 1 hour at room temperature. For the
deoxycholate precipitation step, one tenth volume 2.5 % deoxycholate was added to the
lysate (0.25% final deoxycholate), and the lysate was incubated at 37° C for 1 hour with
géntle stirring. An equal Volume of 4 M NaCl, 0.1 mM NaCl was added to the lysate and
30  the lysate was incubated on ice for 1 hour. Precipitate was removed by low speed
centrifugation. The supernatant was then precipitated with 40% ammonium sulfate to
- remove contaminating proteins. The final 40% was achieved by using 232 g solid
ammonium sulfate per liter of solution. While mixing the solution gently at 4°C,

ammonium sulfate was added one fifth at a time, allowing each addition to dissolve for
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10 to 15 m nutes before adding the next fraction. The solution was stirred
gently overnight at 4C. The ammonium sul fate precipitate was renoved by | ow
speed cenwoi2bugmsison and t he VP1-cont ai ni ng super nat ant paadassteiitogrssrl usi ng
a 0.45 ttmfilter and carried on to the next step. The solution was
concentrated 5 to 10 fold using a 100 kDa 5 NWAL TFF nmenbrane (Pellicon 2
M ni UF Mod Bi onax-100 C 0. 1n2, P2B100001) and exchanged into assenbly
buffer (25 mMMtris, 150 MM NaCl, 1 mM CaCl2, pH 7.5) by diluting 5 fold and
concentrating. back to .the. stallin ol ume tw ce.. The solution was stored at
aC for >i0 S mies bofyE adpg thegthiiectione d g safion Sas 305 #U 500 kDa NMAL
TFF_ menbrgegidhrat 49C¢ OtheZanthBhiubdsuag Jitqpmate waOreo Wi bl ipRspedaar t 10 #
P2B500V01) using 40 vol unes TMA chrommat ography buffer (25 tris, 150 nM
NaCl, 0. Tentkif@ator angthed/Rl)-containingtsaperhatamtarasdiltepddysingpd 4K ipmafiberyand m

resin is required,per starting cell mass. . T, of ej n.was ed onto
the. appr SEFed ety 18 eafiofamERt ke Vi obbe et S RO R LBy *"evo
Bi 0sceno@WRTFF inchda (PRORoMaNIEE UF M0d BisahrlM00 €. La® SPZRT00MRYL pgr aphy
buffer. The VLPs were eluted with 15 25 nMtris, 600 nM NaCl, 0.1 nmM Cad 2,

pH 8. 0. #nd epchanged intpsasaerslly Suffeni?2S Imd tHAGHE 0and Nask 1 spMcEa@emeply . S)pr esence

of VLPs . kI 1 . pe t ot al

orot el n it iR 5 TR SpE o Bl AL 66 ARa0Rno Btk ARIBPTRE DGR R

anal yt i catored 4tr43€ et ¥/=f3daiur 0 rMThe Bolwsior®iads akkn disfilkdredluding HBMLRDpr epar at i ons
A nunber . of enbodi nents of

f ab 9 .
'? heai g\%ﬁ\ﬁ\%ﬁ\{{ Eﬁ#?ﬁ%&gﬁ&ggﬁw@%ﬁg&gﬁQl%gx-SPQ VaMillinege pastier st ooddt hat
vari qgs rmdzﬁs_o@%n%mva&ng?g*%%ﬁﬁggﬁ%ogﬁ@%&%gQ‘srlﬁm tRe aphit an

scope of the inven . Accor , er 0 ts are Wwthin the scope
250f t he Nasll) @himdy @G, i 8.0)WHETr thS citioAlakdgbaphS; agprosimatdiy d dnlaesipis si ng

a. obtainin bi ol ogi cal sanple.froma subject; b ont act i. t he ;sanpl e
W th b oRPgsaeet  Etuiie seliRs dbe Brastn R 16 aio BE R OPUHAY SRS abl & for
bi ndi ng afMAEXehihi (adtdée¥d EVMDI TMAE HITApITR1)SAPPIreBlRciRAcRML 710316)

c. detecting the level of JCV antibody binding in the sanple to HPVLPs; and

d. corr elaad Waghadhwitly 3 celsmagvalapes chipmptograpby bykdere heSfLPsiere eluted with
15 25 mM tris, 600 mM NaCl, 0.1 mM CaCl,, pH 8.0. VP1 purity was assessed by

SDS-PAGE and mass spectrometry, presence of VLPs was confirmed by electron

microscopy, and the percentage of total protein in the form of VLPs was determined by
sedimentation velocity analytical ultracentrifugation. This method resulted in HPVLP

preparations of about 80% HPVLPs.
20

OTHER EMBODIMENTS
A number of embodiments of the invention have been described. Nevertheless, it
will be understood that various modifications may be made without departing from the
spirit and scope of the invention. Accordingly, other embodiments are within the scope

25 . of the following claims.
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10 reference set is selected to indicate a fal se negative rate not greater
than 3% 2. The nethod of claiml1l, wherein the fal se negative rate is not
great er twWearroi9s5369 3. The method of claiml, wheceius2at/obesast 20%
of the HPVLPs conprise nore 15 than five VPl pol ypeptides in an HPVLP.

4. The nmethod of claim1l, wherein at |east 70% of the HPVLPs conprise nore
than five VP1 pol ypeptides in an HPVLP. 205. The nethod of claim 1, wherein
the HPVLPs are i mobilized on a solid substrate. 6. The nmethod of claim1,
wherein an H st ntially of VPl polypeptides. 7. The method
of claiml1, mﬁé&ﬁghﬂmfﬁeurther conprises at |east one of a VP2, or a
VP3. 8. The et hoghetbd @binfikihe Wherein the VP1 in the HPVLP is a

reconbi nant VP1. WD 2011/ 085369PCT/ US2011/ 020832 9. The nethod of
claim 1, wherein a@ Pb@agingsbiolggical gample figma pubjects nut ant  VP1. 10.
The net hod of cl ai WlP Hipy 11.
The net hod of cl ai Q %0 t&ﬂﬁ{g%@s lme%&l }ﬁgﬁl??u?ﬁgm a?é)a%jlczegt( prg‘?g | bed an

i mun®nodndetconditianssuiabletforckinding of ¢ a r]g VlﬁiSl (MQVaantibody iotHedanledd anor  a
subj ect S@P&Ft ed of having Progressive Miltifocal Leukoencephal opathy
(PM). 1 he met hod of claim 1, wherein detection of JCV anti body

bi nding to the HPVLP m{'%qg ri sk of
PML. 13. 'l?'hgeﬂe t ho E?eg ajltcrr\r{ ?ﬁlbv?\)}ldg]})grﬁlnédﬁt ect&gbr%é H?@@gntl body

bi ndi ng andt he HPVLPs indicates that the subject is not a candidate to
receive treatment \gl corrc‘:f‘lgtlr:{'g5 thlerm%é t%gqeveh w1tﬁ a reference set, wherein the

10  reference set is selected to indicate a false negative rate not greater than 3%.
2. The method of claim 1, wherein the false negative rate is not greater than 1%.

3. The method of claim 1, wherein at least 20% of the HPVLPs comprise more
15  than five VP1 polypeptides in an HPVLP.

4. The method of claim 1, wherein at least 70% of the HPVLPs comprise more
than five VP1 polypeptides in an HPVLP.

20 5. The method of claim 1, wherein the HPVLPs are immobilized on a solid

substrate.

6. The method of claim 1, wherein an HPVLP consists essentially of VP1

~ polypeptides.
25
7. The method of claim 1, wherein an HPVLP further comprises at least one of a
VP2, or a VP3.
- 8. The method of claim 1, wherein the VP1 in the HPVLP is a recombinant VP1.
30
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14. The method of claim1l, wherein failure to detect JCV anti body binding
to HPVLPs indicates that the subject is a candidate to receive treatnent
wi th an iwownomssiebat or . 15. The met hod ofrctiuskonibossher ei n
detection of JCV antibody binding to the HPVLPs indicates that the subject
is a candidate to receive treatnent with an i mmunonodul ator and enhanced
noni toring for adverse synptons upon treatnent with the i nmunonodul at or.
16. The method of claim15, wherein the adverse synptons indicate the

devel opnment of PM.. 17. .The method of claim 14, wherein the
subj ect i dent Pf i1d8 methedeefslajm b mdisrsinat leat opg ViR 11in ghe FRYRBdur st | s
further ayqip ni stered the i munonodul at or. 18. The nethod of claim

1, wherein a subject having a biological sanple determined not to have JCV
antibodies in an initial testing is re-tested at |least annually for the

presence of J ti badi e fter he stin 519. The met hod of
claimi, Wnergi{nqlg 51?8} % Lhﬁ g’Fg?b‘?aie%EFa Pee‘SEE‘PE}‘m ned to have

JCV asti bodies, is subsequently determ ned at a Iater date not to have JCV
ant i bodi es. 20. The nethod of claim 19, wherein the subject is
det er mi ned t o lbe The owthdiddditctaim( , wheredrt thiewempleda fopna sukij¢ch peascribed an

i nmunonodul at or of cl.aim 20 rein the ubj ect
recei ves Wﬂlgg(&ulﬁ%ﬁlatsgheﬁtgcwggeﬁ g‘lk% WWWO&B% Tt ?reaa?% with the

i mrunonogidpatted of Bdving Progreddive Ifhﬂnﬁ@&lﬁfb@k@énc%}?dldﬁaﬂﬂy (PML)L3 to 15, wherein
t he i mmunonodul ator is natalizumab. The net hod of claim 11,

wherein the subject prescribed an inrnunodul ator or 20 considering takl ng

an i ggrunonoduly T ﬂ%g%?tcﬁéq\ée%%?%%@%{&gﬁo%ﬁ? A {)ggbfnﬁﬁg to th

i mrunonodul at or. erern e suebj ect has

pr evi ous HP Vlcsdhdiesteothet the sulijet isladSnatade @isk offBMINodul at or. 25
25. The nmethod of claim1, further conprising e. contacting a
portion of the biological sample fromthe subject with HPVLP in a solution

prior to step 1@b)rh@ﬁ@twae{f%wmtlhevh'eP}jﬂrEetQJmat&Qcﬁzbz)nfn'béd%ﬁla&{getg o @ solid

substrate, thereby providing a secondary sanpl e; contacting the
secondar ﬁlﬁﬁpﬂsl indipatesthePYE Bubjectés nathaecasdidate to receive treatment with an

15 - immunomodulator.

14. The method of claim 1, wherein failure to detect JCV antibody binding to
HPVLPs indicates that the subject is a candidate to receive treatment with an
immunomodulator.
20
15. The method of claim 1, wherein detection of JCV antibody binding to the
HPVLPs indicates that the subject is a candidate to receive treatment with an
immunomodulator and enhanced monitoring for adverse symptoms upon treatment with
the immunomodulator.
25 |
16. The method of claim 15, wherein the adverse symptoms indicate the

development of PML.

17. The method of claim 14, wherein the subject identified to receive treatment

30  with the immunodulator is further administered the immunomodulator.
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conditions as (b); g. detecting the level of JCV anti body
bi nding to HPVLP in the secondary sanple; and h. conparing the
det ect ed woewel1/85364CV anti body in the secondary sanpl e tPaTtuseoiheess2 of

bi nding in the biological sanple when incubated with the solution wthout 5
HPVLP, wherein a decrease in the detected |level in the sanple pre-incubated
with HPVLP conpared to the solution-incubated sanple indicates that the
sanple is positive for a JCV anti body and no change in the detected |evel
indicates that there is no JCV antibody present, in _the sanple, 1026. The
method of cl ailf 2B¢ meHjodplie f]o?"’hﬁgeén?ﬁ“%t;ﬁﬂmé@bb%lf’glé tsgmple 27. A

ki t CO”pGEt%hﬂﬁie@ﬁ%%(?;xa@@fb?tgnﬁ%%s R"3R iﬁiiﬁg%mngf i9Fe-REfeh Of LA InALIgSSAY tO

identify JCV anti | eve A sol utionconprising VP1 particles,
consi st i hgr the prestricalof yCYfanibodiecafter dheninitipl Eating.cl es that are greater in
size than a VPl pentaner. 29. A nethod of preparing a solution of
VPl particles, the nmethod conprising renmoving VP1 particles fromthe

sol utson that 18r ghé BRURIZT cRima , Wibrdde A b@8Bé halVink @%elogial safhpleA Net hod of
identifying a subject at risk of devel opi ng PM., the nethod conpri sing

a. obt ai detegminediohaygil€Y ansihagics i pehsequeatly doferpined at a later date not fp have
contacti Nt hftabbc'hgsl ogical sanple with highly purified VPl particles

25( HPVLPs? (HdEY“'&6ndi ti ons suitable for bindi ng of a JC Virus (JCV)

anti body in the sanple to an HPVLP; c. detecting the |evel of
JCV anti body hinding in the sanple to HPVLPs; . d.

correl ating tR8 d&e&wthod afelaam 18 therein the splygetds determippdiodiet eamdidaienj ect 30

I's afol ngg RASHE tbheitenPlhith ¥ ihnuhSModiibiopody binding is detected.

21. ‘The method of claim 20, wherein the subject receives enhanced monitoring

for adverse symptoms upon treatment with the immunomodulator.

15
22. The method of claim 11, or 13 to 15, wherein the immunomodulator is

natalizumab.

23. The method of claim 11, wherein the subject prescribed an immunodulator, or
20 considering taking an immunomodulator, has not previously been administered the

immunomodulator.

24. The method of claim 11, wherein the subject has previously received one or
more doses of the immunomodulator.
25
25. The method of claim 1, further comprising (
. e. contacting a portion of the biological sample frbm the subject with
HPVLP in a solution prior to step (b) and wherein the HPVLP of step (b) is attached to a
solid substrate, thereby providing a secondary sample;
30 f. contacting the secondary sample with HPVLP under the same

conditions as (b);
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31. The nethod of claim 29, wherein the reference set is selected to
indicate a fal se negative rate not greater than 3% 32. A nethod of
i denti fyiwQ 2PMLloss3esk in a subject, the nethod conprisi ngchais2aienensaz ni ng
the level of anti-JCV antibodies in a sanple fromthe subject; and

b. assigning a risk level to the subject according to the level of anti-JCV
antibodies in the sanple. 1033. The nmethod of claim 32, wherein the subject
is receiving an anti-VLA4 treatnent or is a candi date for receiving an

anti-VLA4 treatnment. 34. .Th f cl.ai wh j.n_the anti-VLA4
treatment is natal & L‘ilﬁre'fﬁnng_glﬁgg #H&JQ?%@HBBO b"&ql%g Tﬂeég{/'ﬂgﬁ fhsi sseedats ubj ect
has beengghpgngsed with nultiple sclerosis or Crohn's disease. 36.
The net hod of claim 32, wherein the | evel of anti-JCV antibodies is

determi ned using ahomempracpe theslatectsd lavell VHIGY eptitslydy thex@condary sagiple The

nmet hod o er.ei,n t.he on ssa or sa
conpr i seg g’ﬁ%ﬁﬂ %ﬁblg\éﬁ%}n the bIQIOg’%FS zé) uleﬁiedtavg? h}eﬁ? r"fﬁé’#
conpr§ si MPVASE whiedie b lerehe ih e detdetdd 1@f/e1a1mue séﬁffleaﬁ}&hm%ﬁﬁ with the subj ect
|n a sanple froma date subsequent to the init le of step (a);

. conpafi-R ermpaseto the selytipn-irovbated paseplp éndigatestthas ﬂsfasﬂmrée fsrnositivhe
?u§)segﬁe%r ﬁ\?aﬁt?ootdg%nhﬁg%haﬂo%tlhg% (fe%EPédei II&{I%&E{? sth&'t%ér%l cISSl i@g ? of step
i ncr easeéentibrly ppéseiih thd sankysie.30 subsequent date conpared to the tinme of
initial sanple of step (a).

10 26. The method of claim 25, validated for use in MS and CD patients.

27. A kit comprising HPVLPs and at least one reagent for performing an assay to
identify JCV antibody levels.

15 28. A solution comprising VP1 particles, consisting essentially of

VP1-containing particles that are greater in size than a VP1 pentamer.

29. A method of preparing a solution of VP1 particles, the method comprising

removing VP1 particles from the solution that are the size of a VP1 pentamer or less.

20
30. A method of identifying a subject at risk of developing PML, the method
comprising
a. obtaining a biological sample from the subject;
b. contacting the biological sample with highly purified VP1 particles
25 (HPVLPs) under conditions suitable for binding of a JC Virus (JCV) antibody in

the sample to an HPVLP;
c. detecting the level of JCV antibody binding in the sample to HPVLPs;

and
d. correlating the detected level with a reference set, wherein the subject

30  isatincreased risk of PML if JCV antibody binding is detected.
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39. A nethod of nonitoring PML risk in a subject, the nmethod conprising

a. determning the level of anti-JCV antibodies in a subject using a sanple
froma fiweto0daiss369 b. assigning a risk eCTRSRobAEdE2 on t he
| evel of anti-JCV antibodies in 5the subject on the first date;

c. determning the level of anti-JCV antibodies in the subject using a
sanple froma second date; and d. assigning a risk of PM. based
on the level of anti-JCV antibodies in the subject on the second date. 10

40. A net hod ki n aration copprising HPVLP rising. a.
oroviding o cott TosmsE R, vheRelB et i Rl R el under
condi ti ofgsd Reg@tiPé RSSnoBsatd thdny®hnNg the cells; 15d. treating the cell

| ysate with a nucl ease; e. precipitating cell debris fromthe

| ysate; f. renbving contam nating proteins by salt precipitation; g.
concentrati ng,th P.1- I- R)J: pernatant.. h. diafiltering the
concentrated \}E %%8‘%%%%§%§{1@ﬁ’%%tr§%g ﬁ a%ﬁ%’eﬁtofh.e %?}P?Q} S/‘?"ﬂ%nsc‘% VP
1- confai ni ng sol ut iapdetehhiitghthe Qe PXTCHBANEY Rhtibddicsdh b eamplefainethe maki ng a
preparation conprising HPVLPs.
subject; and
b. assigning a risk level to the subject according to the level of anti-JCV

antibodies in the sample.

10 33. The method of claim 32, wherein the subject is receiving an anti-VLA4

treatment or is a candidate for receiving an anti-VLA4 treatment.
34. The method of claim 33, wherein the anti-VLA4 treatment is natalizumab.

15 35. The method of claim 32, wherein the subject has been diagnosed with

multiple sclerosis or Crohn’s disease.

36. The method of claim 32, wherein the level of anti-JCV antibodies is

determined using a one-step assay or a two-step assay.

20
37. The method of claim 36, wherein the one-step assay or the two-step assay
comprises an ELISA assay. '
38. The method of claim 32, further comprising
25 ¢. determining the level of anti-JCV antibodies in the subject in a sample

from a date subsequent to the initial sample of step (a);

d. comparing the level of anti-JCV antibodies in the sample from the
subsequent date to the level in the sample from the initial sample of step (a); and

e. determining whether the subject is at increased risk of PML at the

30  subsequent date compared to the time of initial sample of step (a).
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39. A method of monitoring PML risk in a subject, the method comprising

a. determining the level of anti-JCV antibodies in a subject using a sample
from a first date;

b. assigning a risk of PML based on the level of anti-JCV antibodies in
the subject on the first date;

¢. determining the level of anti-JCV antibodies in the subject using a
sample from a second date; and

d. assigning a risk of PML based on the level of anti-JCV antibodies in

the subject on the second date.

40. A method of making a preparation comprising HPVLPs comprising:

providing a cell comprising a VP1 nucleic acid;

o P

culturing the cell under conditions to express VP1;

lysing the cells;

=

treating the cell lysate with a nuclease;
precipitating cell debris from the lysate;
removing contaminating proteins by salt precipitation;

concentrating the VP1-containing supernatant;

@ oo

diafiltering the concentrated VP1-containing supernatant; and

[,

purifying the VP1-containing solution through ion-exchange purification,

thereby making a preparation comprising HPVLPs.
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